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PREFACE 


Tsat Mineral Resources Committee of the Imperial InstitotOx 
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Mineral Resources in amplification and extension of those 
which have appeared in the BnUeiin oj the Imperial In^UuU 
during the past fifteen years. 

The Monographs are prepared either by members of 
the Scientific and Technical Staff of the Imperial Institute, 
or by external contributors, to whom have been available thi! 
statistical and other sp(*cial information relating to mineral 
resources collected and arranged at the Imperial Institute. 

The object of these Monographs is to give a general account 
of the occurrences and commercial utilisation of the more 
important minerals, particularly in the British Empire. Ko 
attempt has been made to give details of mining or metal- 
Itugical processes. 

Harcourt, 

Chairman, Mineral Resources Conmitlff^ 
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COAL 


CHAPTEK I 

COAL : HISTORY. GROWTH AND OUTPUT OT 
THE COAL INDUSTRY 

Historical 

It may be regarded as remarkable that the use of coal has only 
become general within tlie la^t few centuries, though tho 
existence and the combustible character of coal must have 
been known in very early times. It is believed that it was 
used as a fuel by the Chinese long before the Christian era, and 
evidence of its use by the Romans, during their occupation of 
Britain, exists in the coal and ashes found among the ruins of 
many of their stations near the coal-fields [4/p. 5]. 

W. Waiington Smyth states that " the first worked coal* 
i field in Germany seems to have been Zwickau, in Saxony, dating 
ism about the tenth century " [8/p. 3]. Certain ecclesiastical 
tecords indicate that coal was being won prior to a.d. IXX3 
k the coalfield of Worm, which lies partly in the districts 
; j^iNch, Aschen and Limburg [i] [3] [7]. There is no clear 
IffideiiGe that elsewhere coal was mined to any extent till toward 
iS^siod of the twelfth or the beginning of the thirteenth century* 
^^boat this time Cistercian monks arc said to have mined ccid 
^ outcrops of seams in the high ground of a suburh of, 
and R. L. Galloway [4J says, *'Its discovery in 5^^ 
according to the legend as quoted by Schook in 



Ti^ (Qrov^, s6$B, p. ivts 
;||y » pl%rim» pdnted it out to a smith/* About the (MuiiAi 

'lltM to Galloway [ 5 ]. the monks of Hdyrood Abbey 

a grant of the tithe of the colliery of Carride^ near; 
yWackness^ west of Edinburgh, and the monks of Newbaitle 
! Abbey, near Dalkeith, received a grant of a colliery on theiea^ 
^boie at Preston, east of Edinburgh. 

. Galloway further says that in England , soon after the granting 
; of the Magna Charta (a.d. 1215). there is " evidence of a com** 


mencement having been made to work coal and to carry it from 
the north of Ixindon," that ** before the close of the reign of 
Edward 1 (a.d. 1307) the mineral wa'» Ix ing dug. though doubt* 
leas only on a small scale, in mn>t of the coal-fields of England. 
Wales and Scotland/' and that at first it was " only us^ by 
humble artisans, such as smiths and limebumers." But at 


this time its use in London met with such opposition on account 
of the smoke that an enactment was passed forbidding its use 
under severe pains and penalties. 1 lowi ver, in spite of this, and 
doubtless on account of the growing scarcity of wood, its use 
increased and was e.xternled to domestic purposes. 

Gradually the demand for coal also arose in France, and, 
by the end of the sixteenth century, the export of coal to that 
country appears to have attained relative importance, ‘ so 
nttKlh so, indeed, that the fear of exhausting the supply raised 
.the (Question of prohibiting its export from England. No 
d^nite action, however, was taken, hut in Scotland “ an Act 
of Parliament was passed in I5()3 prohibiting all persons from 
transporting coals out of the n^alm under penalty of confisca^* 
tlon of the ship and cargo." 

Tlie introduction about this time of the process of makin|l 
cast iron, for which purpose wood charcoal was used, followed 
by a great demand for large cast-iron cannon, hastened the 
exhaustion of wood fuel in England and fostered the use of / 
coal. It is, however, to the invention and perfecting of the } 
modern steam engine, the conversion of coal into coke^ aid' -f 
ittuprovements in the metallurgy of iron, at a later date, that if I 
c^dy due the phenomenal increase in the consumption of coal 


;* FIICI&ob coutiones to be the chief importer of Britiah coal, ill 
looaufmillk»ton8C61. , ; 



aa iaaeaM'«iribtau«d if&d 


li ^timated that about the year iBoo in Great BrHiiti; 
to, 000, 000 tons of coal were raised in a year ; that itt ^ 
285P the production was 42,000,000 tons, that France 
raiinilg 4433 »<»o tons, Prussia and Belgium smaller quanti^. 
and Austria a little above 1,000,000 tons. A comparison of 
these figure with those on page 5, and the diagrams .0*1 
lieges 8 and 9, give a striking illu.stration of the rapid growtih 
ol coal-mining to its present enormous proportions, of the 
progressive character of the industry, and of the world-wide • 
competition. 

ClASSIFK AlION OF COALS 


The classification of coals adopted in The Coal Resources of 
the World, 1913, is as under : 

AnUiracite.- Class A,. 

Fuel ratio,’ 12 or over. 

Calorific value, 14,500 to 15,000 B.T.U. 

Carbon, 93 to 95 per cent. 

Volatile combustible matter, 3 to 5 p(T cent. 
Setni^anihraciic.— Class A.. 

Fuel ratio, 7 to 12. 

Calorific value, i5.(x>o to 15,000 B.T.U. 

Carbon, 90 to 93 per cent. 

' Volatile, 7 to 12 per cent. 

Anthracitic and High-carbon Biiuminous . — Class Bi. 

Fuel ratio, 4 to 7. 

» Calorific value. 15.200 to ib.ooo B.T.U. 

Carbon, 80 to 90 f>cr cent. 

Volatile, 12 to 15 per cent. 

Does not readily coke. 

Bituminous,— Class 
* Fuel ratio, 1*2 to 7. 

Calorific value, 14,000 to 16,000 B.T.U. 

Carbon, 75 to 90 per cent. 

Volatile, I2 to 26 per cent. 

G^ierally cokes. 

! f M mUo ie obtained by dividing the percentage of fixed enrta by 
of volatile matter. 



mwii^-duM ,B^ ' , ,' ■ ’;■ 

;; i;! ; ^ ^ ocmt^i occatlonatly readuis ^ cwrtJ , 

/ 'Vdatik matter, up to 35 per cent. 

Fixed Cirboo + ( volatile 
ft^oei^lc^iature -f | volatile “ 

Calorific value, 12,000 to 14,000 B.T.U. 

* Carbon, 70 to 80 per cent. 

Makes porous, tender coke. 

Qass C. 

Yields 30 to 40 per cent, volatile matter on distillatioiL 
Calorific value, 12,000 to 16,000 B.T.U. ' ,, 

Very porous coke. 

' tigmUic Of Class I),. 

Generally contains over 6 per cent, of moisture. 
Moisture, freshly mined, up to 20 per cent. 

Fixed carbon -f* i volatile ^ ^ g ^ 

Hygtv^pic moisture 4- | volatile 

Calorific value, 10,000 to 13,000 B.T.U. 

Carbon, 60 to 75 per cent. 

IiiF»i^^.—Class Dg. 

Moisture in commercial output, over 20 per cent. 
Calorific value, 7,000 to 1 1,000 B.T.U. 

Carbon, 45 to 65 per cent. 

See also Appendix, p. 159. 

Production, Consumption, Exports, Imports and 
Reservks of Coal 

In order to realize the magnitude and resources of the coal 
jMuatry, it will be useful, before referring in detail to tha 
coal-fields of the British Empire, to include tables giving : ; ' 
Tbc Annual Coal PrtKluction in Principal Countries [p* 5}^ 
The Consumption, Export and Import of Coal in Princ^piil 
Countries [p. 6]. 


An Estimate of the Coal Reserves of the British 
and of other Countries [p. 7]. 

An Estimate of the Coal Reserves of the World, in 
; V tinents, with special reference to those of the 
_ • Empire [p. loj, ' 

Dkgrw (pp. 8-9) show graphically the growth of 
f dustty in principal countries in 50 years. v' 



Table I 




I Coal Production of the Prtncipal'£oimkiu 
of the World 

.ia million tons (metric tons of a. 204 lb.) * 



Totei; 

AnitriE^lfifuiK* 

Chiim • 

^ Pnojbb , 
Oetnuuiy 

mr 

JapM 


l$ 9 S- j 

j >905. 

I 9 I 3 -* ! 

1 

1916. 1 

1917.* 

19184 


194-35 

239*89 

292*12 : 

260*562 

252*56 

231-36 

asm 

4*01 1 

6*83 

12*02 

9.972 

lo-o? 

11-13 


3-»9 1 

7.96 

13*62 1 

12*718 

12*75 

15-59 


2*65 

7-92 

10*07 i 

1 17-536 

18*51; 

21*05 

trit : 

0*76 

1*41 

1*92 ' 

2*294 

2*10 

2*07 

Mi-. , 

I^O 

3-22 

7 - 9 <> 1 

9.081 

707I 

9*40 

_f^ 

206*36 

267*23 

344-34 

1 312-16 

305*o6* 

288-60 


27-25 

40*72 

i ! 

53 * 68 '*! 46*099 



— 

20*4! 

21*84 

22*84 

18*863 

14-92 

i 3 - 6 » 


— - 

— 

9 - 2 / 

i — 

*— 

— • 

mm > y 

28*24 

3605 

40*84 

1 21*473 

2890 

24*14 

la -14 

103*96 

173 - 6 ^' 

278*03“’ 

[158.^ 

167*36 

160*51 

210-30 

0*25 

0*31 

0-37 

1-306 

1*72 

2*00 


4*84 

11*89 

21*42 

22*902 

26*52 

23*74 

30*83 

— 

2-45 

*— 

— 

— *• 
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9*10 

17*12 

33-37 

26*282 

—* 



1*77 

3*20 

4*02 

5 - 495 j 

5*68 

7*16 


0*20 

0-33 

0*36 

' 0*41 ) 

0-44 

— 

— 

177-39 

35»12 

517-20' 

535-4 79 | 
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6 r 5-43 
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4-55 
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1 1 i O4 1 

195-34 
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105-31 

581*72 

928*02 

i. 34 i-o‘ 

1,2030' j 

1 . 339-0 

1 . 332-6 

i.iTOW 


KbmU 

; Bwsdtttt 
:;|Mted Stutes 
OQim CoQ&triM 

i ’totAl (approx. 

tot 1913 and 19x6 are taken from official return*. SupplaiDaBtld 
from atatiatica of Iron and Steel Federation, 
only. 

1 Abatnct of U.S.A. 

I lignite. 

I Yaar Bock (eitimated for 191 4}* 

l/ndMfry, 1918. 

I for British Empire arc from official retunia, and for othora frofa 
y&Wisfty, 1918. 

a ar« of&ciaL or from U.S.G.S. estimate to Aug. 15, 19*0. 
where otherwiae indicated, the metric ton of 2.104 lb. ft naad 





Table II 

fft-Wa, Consumption. Export and Import 
Countries {i9^3) 

lo million tona (metric) 


Great Britain and Ireland 
British Dominione . 

Total 


f Of sign I 

•AiwtrU-Huog»*‘y 

♦Belgium . 

•Franco 

•Germany . 

♦Italy 

•Rusaia 

•Spain 

United States 


iJrUiifI Vomtmons (Analyw*) 
Australia . 

Canada 
♦India 

♦New Zealand 
•South Africa 


I92 ‘i 8 

05*26 

257'44 
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26*72 
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254-59 

11*01 

4100 
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6*69 


x««39 


(Compiled from 


• Calculated. Production 


Official Returns of each country^ 
too + import-export - coiminipttoB. 
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- Rujiia 

- Fro not 

- Japan 

* Be'gium 

- India 


-Canada 

-Australia 

-Sout-hArricd 

-Spain 


- New Zeakind 
• Iraly 
’ Sweden 
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Table IV 

Estimate of the Coal Reserves oj the World, in Continents, with 
special Reference to those of the British Empire 


Oceania : Total 
lintiah 
Alia : Total 
British 
Africa: Total 
British 
America ; Total 
■ British 

Europe : Total 
British 

Total 

British 


(Coinjulcd 


In million tons (metric) 


; Cl/i* A. 

Cla^*rs 

II and C 

; Clou U. 



i Anthr.iiltr 

CtKiU, Itl- 

t|ii<U»K 

I 'M'luc ilry 

1 Cuih 

IliUitnlnuus 

! Sut>-bit(itnl 

' iKni.» C<«]s, 

Totals. 

British. 

1 Cools. 

I Urown Cools 
j and latjnitM. 



! by, 


10,270 

! 170,410 i 



; <» 5‘1 


. 35 .> 3 « 

j — 

169.033 

•l‘J 7 .b 37 

7»)0.o«).s 

111.851 

1,279,586 

— 

j — 

7b. 390 

j 2,l>02 

— 

79,001 

; 11 Mu 


1.054 

57.839 

— 

, 1 1 MU 

45.033 

74 

— 

56,769* 

; 

.1,271,080 

a.Hri.ooO 

j 5.105.528 

— 

^,1 5S 

283,(.hi 

<hH .4 5 o 


1,234.269 


txn.ibi 

3b.0.^2 

I 784.190 

— 

1 n.ir; 

I 7 ».i 7 b 

; — 


189.533 



’ 2 .<j<> 7.705 

' 7.307,553 

- 


710,505 

98 <», 2 (>.J 

: 

1.728,603 ' 


from 1 he (. oal Ixeiounes oJ the ii'orld, 1913) [2]. 


This figure does not intlude thesub-bituminouscoalof the new coabfield 
of Udi-Okwaga in Simthcrn Nigeria, \Mth an area amounting to about l,8oo 
•q, miles, over which known outcrops occut. 



CHAPTER II 

BRITISH SOURCES OF COAL SUPPLY 

UN IT HI) KINGDOM 
England and Wales 

South Wales [No. i on Map], coal-lield stretches east 

and west from Pontyj^H)«>l to St. Hiid«‘'s Bay. The principal 
portion, fifty-six miles long, orrupics part of the counties of 
Monmouth, (ilainoit^an. ]h't‘cknock, and Carmarthen, and is 
connected beneath Carmarthen Bay with the small western 
portion in Pembrokeshire. 'lh<‘ field covers 842 sq. miles, of 
which 33 miles <jnly li«* m Pembrokeshire (vStraJian).* 

The structure of the main field is synclinal ; the coai>bearing 
measures outcrop all round tin* edges of the basin, except 
where covered by the waters of Swansea and Carmarthen Bays 
and by newer rocks for a shoit length at IJantrisant, and are 
bounded by the* outeiopping older rocks. The strata dip 
much more steeply on the southern than on the northern out- 
crop, while at each end of the basin the dip is slight. An 
anticlinal fold, roughly parallel with, and comparatively near^ 
the southern edge of the basin, luns east and west from Kisca 
through Swansea Bay. developing a tnjugh to the north and 
one to the south, and raising the lower coal to an accessible 
position over a considerable area. In the w< sl of Glamorgan 
and in the south-east of Camiartlun there are certain areas 
where the productive coal-measures he at a greater depth than 
4,000 ft. and arc still unproved. 

The Coal-Measures vary in thickness from about 4,000 ft. to 
X2,ooo ft. and occur in the following order ; 

(1) Upper series, consisting largely of shales with several 
bituminous coal-seams. 

* E. HttH gives a Sttperficial area of 90O sq. miles and H. S. Joaet nmlf 
ifioo sq. milos. 
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(a) Pennant series, mainly sandstone, with coal-seams only 
in the west. 

(3) Lower series, chiefly shales, with the greatest develop- 
ment of coal and, near the northern outcrops, beds of 
ironstone. 

Twelve seams, aggregating 42 ft. in thickness, occur in the 
east of the field, while in the south and west of Glamorgan the 
number increases to upwards of 40, with about 120 ft. of coal, 
In the eastern part of the Pembroke field, where the lower 
scries only is present, K seams, with 21 ft. of coal, occur; but in 
the west, where a part also of the Pennant series remains, there 
are 18 scams, with 33 ft. of coal. 

The coal ranges in character from bituminous house-coal, 
through the famous Wel^h steam-coal to anthracite of remark- 
able purity. Anthracite oceurs in tlie north-western districts 
of the main field, and attains its greatest purity near Kidwelly, 
while in Pembrokeshire the coal is almost wholly anthracite. 

A characteristic feature (»f this coal is tlie gradation that 
takes place from one < lass of umI to another, a gradation both 
vertical and lateral. Thus, in the anthracite area, each scam, 
in any one section, is in gt neral, hut not in every case, more 
;»nthracitic than the one above, and each ht comes more anthra- 
citic as it approaclies the noithern and norlh-wcstcrn margin 
of the field. It follows fiom tliis that in the same mine the 
upper seams may yield house-coal and tlio lower scams steam- 
cod ; or. if the upper seams yield ste.im-coal, the lower may 
yield anthracite. There is. ilu iefore, no clear line of demarca- 
tion of the aiUhracitt' field. 

The cause of aiitliraciti/ation, as regards the South Wales 
coal-fields, has long been a matter of surmi.se and speculation* 
The subject has of recent years been studied with great 
care by Aubrey Strahan and W. Pollard [15], who have 
endeavoured to prove that this anthracitic character of the 
coal is due to the original composition of the vegetable matter 
forming the coal, and not to extraneous influences, such as 
extraordinary static or dynamic pressure or regional heat, 
however caused. The comparison made of the various coals 
in this investigation appears to be based on chemical analysis 
alone, and the main argument relies on the remarkable freedotn 



ElfetAND ic3 

of Wdab anthracite from ash impurity. 1! this were the 
determining factor, might it not be expected that the purer 
kyers of coal in any seam would approach more nearly to 



anthracite than those containing more ash ? The analysis given 
on page 73 of the Memoir cited shows, on the contrary, that 
the purer layers of coal, with 2 66 per cent, of ash, in the Three- 
Quarter Coal from Monmouthshire, are further removed from 
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antoadtc than are the dull layers with 6*44 pe^ cent, of 
The facts and argumcfnts presented in this Memoir are instru^ 
tive and interesting, but the conclusion arrived at is not alto- 
gether satisfying. 

The relative proportions of the three main classes of coal 
were estimated by W. T. Lewis for the Royal Commission 
on Coal Siip[)lies (1904), thus: Bituminous, 30-42 percent; 
steam, 47*31 per cent ; anthracite, 22-27 per cent. 

The output in itSSo amounted to 21,165.580 long tons and 
in 1913 to 56,830,072 tons. The coal reserves, as estimated by 
the Royal ('ornmisMon of 1904, after deducting the coal pro- 
duced, were in 1913 . 

MUHooTons. 

In teams of i H iind ovrr to .i tlopth of .j.oiX) ft. . . . 36,000 

Id soaras of j ft. .ind ovfr .it depths l>ctwtTU pooo and 6,000 ft. 1,500 

Bristol and Somepsrt |No. 2 on Map]. - I'his coal-field on its 
eastern edge stietches f(»i 25 miles from Wickwar in the north 
to near Frome in the south, .md occupies to the west of this 
line an area rtmghlv triangular m shape. An east and west 
faulted anticlinal /one. uliich ciosses the River Frome 2 miles 
north of Bristol, diMdes the held into the small northern basin 
lying chiefly in Glouct'stet shire, and the large southern basin 
lying chiefly in .Simerset. Two small outlying basins have 
b^n proved to the north and south of the mouth of the Avon, 

The general structure of the held may bo considered as the 
result of an I'ast and we^t svnclmal fold crossed by another 
running N.N.L. to S..^.\V. The effect of the series of folds to 
which the.se belong, on the South Wah s and Forest of Dean 
coal-fields, is briehy outlined by II. S. Jevons [ii/p. 77) : 

Succcssioft of Strata near Bristol. (After R. Etheridge 0 $ quokd 
by Hull) [10 /p. 68]. 

iVtM {K««pfr) 

( upper scries, with 22 coal-seams, of which 

0 average 2 It. in thickness and upwards 3*000 
Central or Pennant Sandstone, etc., 5 coal 

Status 4733 

Lower shales, 36 coal -scams . , 3;000 

Umittone Grit Hard siliceous grits, etc. . . 3150 

' Garbottiferoul UmeetoDR Well shown in the Avon gorge . 3*390 
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Oirbonlferoiis limestone attains a thickness of 3,000 ft* 
^ tile southern edge of the field in the Mendip Hills, but in a 
distance of only 30 miles to the west, in the Forest of Dean, 
it dwindles to less than 400 ft. 


Estinuite of Coal Reserves {Hull, IQO^) 

Aroa.—Vuiblc 45 

Concealed by newer formation;. . .105 

»so sq. milei. 

Gre&test thickness of im-asures with ro.iI . . <»,ooo ft. 

Seams of 2 ft. and over, J*) , .if.'kjrei^.ite thukness . 71 ,, 

Total quantity coal do\Mi to 0.000 ft , in million ton.s . 6,036 

Quantity of coal down to 3,oo<j ft m nullKm tons . 4.151 


Strahan’s estimate of tlie coal rc.scrvcs below 4,000 ft., in 
The Coal Resources of ihe WoiU, is 4,2bt) million tons. 

Good house, rich f^as. cokinj;’. manufacturing and steam 
coals arc producctl, and tlie annual output of some sixty 
collieries is about r, 500,000 ton.s. 

The anticlinal nd(.;e of tlie Mt.ndips forms the southern 
boundary of tlie fiehl. and it i'. mferrrd that to the south of 
these hills a coal-field, concealed beneath the Lias and ,New 
Red Marl of the Brue valley, may stn trli as far south as 
Cannington Park. Similarly, an extmsion eastward in the 
vicinity of Bath has been conji ctured. 

Forest of Dean [No. 3 on Map], Ihis interesting coal-field 
lies in Gloucestershire, west of the S« \t'rn, and consists of an 
irregularly shaped b.isin, 34 sq. mih-'. in <'xtent, encircled by 
Millstone Grit (so-called) and Carbonih rous Limestone out- 
cropping above the level of the enelosed Coal-Measures. 

The following is the sequence of formations in descending 
mder : 


Goal-lllMtfares, with 15 seams .... 2,765 ft. 


Cirlmulerottt Limestone 


Unconformity 

Drybrook Sandston*-, so-called 
Millstone Gnt 

Mam 


Limestone 


j Wliitebead limestone 


Crease limestone 


Lower dolomite 
I Lower Limeetonc Shales 




455 tt. 
480 ft. 
X65 ft. 


.OM Bed Sandstone 
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T F. Sibley [14] regards the so-called Millstone Grit 
as the upper strata of the Carboniferous Limestone and tons 
it Drybrook Sandstone. It is conformable with the under- 
lying strata, but unconformable with the overlying Coal- 
Measures. 

Tlie general dip of the basin is from the margin toward the 
centre. On tht- east tin? prevailing dip of the Coal-Measures 
is much less than that of the steeply-inclined older rocks ; on 
the north and west the difference of inclination is slight. 

The coal is found in 15 s(*anis ovht i foot thick, of whidi 
eight arc 2 ft. and more in tliickness and aggregate 24 ft. of coal. 
The actual n servi' of coal is estimated at 200 million tons, in 
addition to which then* is a probhaiiatical 100 million tons in 
the northern part of the field. 

Leicestershire [No. 4 on M.ipj. Thi^ coal-field lies to the south 
of the Trent valley witii A^)hl)v-de-la Zouche as its centre. The 
“visible” portion occupies ;o sip miles, and a “concealed,” 
but proved exti'nsion is estimated to orcu{)y 55 sq. miles. On 
the western side of the field the strata rist' and are overlaid un- 
conformahly by the Tiias. 

In the cential part of the field 33 seams of i ft. and over 
aggregate 04 ft. ; in the southern extension 22 seams total 
91 ft. 

The “ actual ” reserve of coal is estimated to be 2,480 million 
tons. 

Wiirwickshite ;No 5 on M.qV. This coal-field is, with the 
exception of the Kent field, the in'arest to London. It lies in 
the north of the <‘oimty. ami extends from near Tamworth in a 
south-east diieclion to \V\ken, a distance of 15 miles. The 
visible Coal-Measuies, at their iK'rth-wesltTU end, occur as a 
syncline 4 miles wuU', boumh'd on the west, north and east by 
faults, which bring in the New Retl .Sandstone. Thence they 
trend S.S.E. as a narrow strip on the wt'st side of Atherstone 
and Nunoattm. and are bounded on the east by an outcrop of 
older rocks, which are partly overspread by Trias. To the 
west they dip beneath and are concealed by the so-called Per- 
mian and the Tri.is strata, but are “proved” and “partly 
proved ” over an area estimated by Lapworth and SopWith to 
occupy J2 sq. miles. The “ visible ” field has an area of 24 
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mila« and contains zo seams o%’er z ft. thick, with an aggregate 
of 40 ft. Five of these scams are workable in the north . South* 
ward, the sandstones and shales intervening between the scams 
and amounting to 120 ft, thin out, and tlie s<?anis unite to form 
a single seam 26 ft. thick at Wyken, as occurs in the ‘'Ten- 
yard ” coal of South Stafforilshire. Serious faults are absent. 
The peculiarly persistent iliin bed of Spirotbis limestone is 
found in the upper coal strata. 

The estimated " actual nsiTve ” is alxuit million tons. 

South Staffordshire [No. 0 on Map[ The coal-bearing area 
of this district strotclus fiom tli< ( Irni Hills northward to 
Brereton, near Kiigely. a dHtanct‘ ot 21 iniks, and has an 
average width of y\ inik s. 'I'hc i stunated area, including the 
unproved portion concealed l)v tirwii stral.i, is 150 sq. miles. 
The " visible " coaMuld lit.s liriwein twn nearly parallel faults 
trending north and south, beyond whu li, ns well as to the north 
and south, newer rocks ocdipy the si 11 face 

A ridge of I'piMT Mlunaii onks, wlu«li foiiued the original 
margin of the basin, linuts iIk li.-M dii th*- south. 

Coal in the hitlden jiortK'ns ha- bu n opened out at Sandwcll 
in the east and in Cannock ('h;isr m thr iKuth-wesl. 

There are on an avciage ele\rn co.il-s, an>s in the north, 
aggregating 67 ft. Nine of thes<- s ain-, pnn eeding southward, 
unite to form the famous " I'mi-yard ’ or " 'Hack Coal " seam, 
30 ft. thick near Dudh'y and 24 ft. at Sandwi ll, In the southern 
district 6 seams, inclusive <»f tin* fompodti* " Tliirk Coal," 
aggregate 65 ft. The co.d m gum ral i> simabh* for domestic, 
smelting and manufactming bat in vn lias tlie character 
of true steam-coal. The gnat inda^tnal d( vdopnient round 
Birmingham, Dudley and \Volverham])toii owes its growth to 
the rich deposits of coal and iron in lias field. 

North Stajffordshirc [No. 7 on Mapj The coal-seams of this 
basin lie within a roughly-shaped triangU*. whose apex is to the 
north near Congleton Edge. The an*a is 1 10 sq. miles, a further 
18 sq, miles being occupied by the outlying Cheadle area to the 
east. Tlie Coal-Measun‘s of the main held arc bounded on the 
cast by the Millstone Grit and on the north-west by the Red 
Rock Fault of Cheshire, which throws down Triassic rocks. 
To the south the Coal-Measures are overlaid by and may con- 
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tinne beneath the newer formations as worlcible extettsijM» 
(see Concealed Coal Fields, below). 

The structure of the field, broadly stated, is a trough, am* 
stantly widening southward, of which the western lip bcaada 
over an anticlinal fold, and dips in a narrow strip to the Red 
Rock Fault. The sequence of strata in this neighbourhood is 
as follows : 


Ttias 


Carbomferou^i 


Ilnnti r. pcelile hols 

yruiip .SDH.illttl Permian), Red sandstone and 

in.irls 

Nf\si .i-.tlr, or li.ilsowL-n Kroup, Sandstone formation. 
I truna marls 

I'{i{nr < o.il \ltMMJrts 
J.i.Wd (, oalM«.asuros 


In 30 coal-seams ovtT j ft. thick fnund in this field there is 
140ft. of coal ; otlu i sc.uns. r.uiging from i to 2 ft. thick, bring 
the total tliickne'<s np i<» 150 ft. 

The Coal'Mc.iMiir^ of tin- t lu adlc held arc bounded on the 
north by older nn k-. but o\t( ud H>ulhward as a concealed field 
of unknown ana Ixntatli the Irias. Stralian states that 
17 seams, aggic^atin.^' ft . necur, but aii' varied and often 
individually absent, oiir onlv pci'-ntin^' over the entire field. 

The estiinati'd “ .Actn.d M ’’ of South and North 
Staffordshire, inclusive of ( hcadlf, to a depth of 4,000 ft, is 
about 7.150 niiliion toil", and l)eiwern 4.000 and 6,000 ft. 
2,955 million tons. 

Shropshire and Waxestershue No. S on .Map]. — These coun- 
ties include the coal ti<*Uis of ('o.\iliiook Dale and the more or 
less iinimpcirtant <oal-h«l(U of the Ihaest of Wyre, the Clee 
Hills, Shrewsbury, l.eebotwo(Hl and Drvton. 

Coalbrook Ihile. situated in ^hIl•p^hire between Wolycr- 
hampton and Slirewsbniy, i.s a binall triangular coal-field 
stretching from south of Ironbiulge northward to Newport, 
and has an area of itS sq. miles. I he coal-bearing measures 
have a general dip to the east ; they arc bounded on the 
north-west by a great downthrow fault, on the south-west by 
Silurian rocks, and disapjK-ar to the east beneath newer rocka^ 
fonn^ly classified as Permian. 

From the investigations of M. W. T. Scott [13] and D. Jones 
[xa] it would appear that denudation occurred during the coal 
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period* and that the Upper Coal-Measures, with the SpirorHs 
Ihnestoiies* were laid'down in the hollows of the denuded surface 
andf^in parts, beyond the limits of the folded Lower Coal- 
Measures. The unconfonnabilily thus formed is known locally 
as the ** Symon Fault [9]. 

The field is much faulted. The Lightmoor fault, trending 
N«E.-S.W., bisects the field, and to the west of this fault the 
coal is practically exhausted. Six seams, aggre^’ating 27 ft, of 
coal, have been worked. 

The coal-field bc-ncath the Forest of Wyre exti iids from the 
northern end of the Abberley lfill> to the wt.st of Hridgnorth, 
and then continues north\vaid> as a narrow b< lt by the banks 
of the Severn to Coalbrf)ok I)aU‘ roal fi« ld. Tlie area of the 
field is almost efjual to that t)f the I oiesi of Dean. 

The Coal-Measures lie <»n Old Krd Sandstom*. and are over- 
laid by the so-called I.owri Fi riman rucks, which exhibit a 
breccia resembling the debris from glaners.’ 'fhis bed is now 
regarded as a delta fan and ikU glan.il. Seams, correlated 
with those of Coalbrook I )ale, ,ig;.;iegate from 7 to 15 ft. of coal. 

Some miles to the wi -t of tin- Foie^t of Wvre ^mall patches of 
coal, capp<‘d by a bed of basalt, are found on the summits of the 
Titterstone and Brown Ch e HilK. in L( ('bf)twT>od and Dryton. 

Shrewsbury coal-fh ld ('cenpus a « n Ma nt -shaped belt, 18 
miles long and seldom more than a mile wide, from a point 
east of Shrewsbury to the '^rvein, near Alberbury. The Coal- 
Measures rest diri’ctly on ( ambiiaii and Silurian rocks, and 
are overlaid by the so-called Peiniiaii kh. ks. The upper 
Coal-Measures here, as in ( oalhrook Dale, the h'orest of Wyre, 
Warwickshire and Lancashire, eontain the persistent Spirorbis 
limestone, a bed seldom iiu^re than a foot thick. The three 
known coal-seams have a total thickness of (> ft. 

The estimated coal reserve of Shropsliire and Worcester- 
riiire is 360 million tons. 

North Wales [No. 9 on Map].— The visible portion of this 
coal-field consists of two areas separated by the great Bala 
fault, an area of 47} sq. miles on the north-west lying in Flint- 

^ Sojt CitfCWf Boulder Beds tn South Africa, India, and Australia, Tbc 
txnrar Coal-libasares of N.S. Wales occur ^tween marine formations, both of 
, liMth OQlitais tmdoubted glacial bouldcn. 



JO BRITISH SOURCES OF COAL SUFPLY ^ 

$hire, and an area of 56 miles on the south lying in Denbighshire^ 
Rocks older than the Coal-Measures bound the field on the 
west, while Triassic rocks conceal the continuation of the Coal- 
Measures to the north-east under Wirral and to the east in 
Cheshire. In the concealed portions of Denbighshire the pro- 
ductive measures arc overlaid by the equivalents of the Etruria 
marl, the Newcastle series, the Keele series of Staffordshire, and 
finally by the Bunter beds. 

The coal-seams of these counties have a general correlation 
and only slight differenc<s over the held. In Flintshire 12 to 
14 scams have a total thickness of 5S ft. ; in the northern part 
of Denbighshire, seams aggregate f)i ft., which in the south 
of the held dwindle down to ]y\. ft. in ih seams of lower quality. 

ITic prineipal seam-> in Flint. dm e, in descending order, are 
the Four-Foot (('o,il and ( amul), Hollin (foal with Cannel), 
Brassy, Main {f o"). ami l.ower I'our-Foot (in some places 
Cannel). Thos<* »)f Denbighshire are the Drowsalls, Powell, 
Two-yard. Brassy, and M.iin. ;\ special feature of the Flint- 
slrire field is the ('.innel coal found at Lceswood, near Mold and 
other places, and a lebrated for its high gas-producing quality. 

Tire total area of the coal held in Flintshire, including the 
small area of Neston. i^ s(|. miles, with an estimated reserve 
of 1,080 million tons ; the area in Denbighshire is 91 sq. miles, 
with 1,450 million ton>. 

Lancaahiri’ and Chi shuc I No 10 on Map].— The bulk of this 
coal-field lies in the soutli of Lancashire within an area of 
extremely irregular outlim*. It stretches in an cast to west 
direction from Stalevbndgc lo Biekerstatfe. a distance of 32 
miles. Spurs due to faulting strike out to the north and the 
south from the main body, and a narrow strip to the south 
forms the Cheshire aie\. Tlu' visible coal-field, according to 
Strahan [2/p. 2obl. ctrvers 484 sq. miles, and the coal-bearing 
measures continue to the south beneath newer rocks over an 
area of 70 sq. miles. 

Tlie Coal-Measures were originally continuous with those of 
the Yorkshire field, but are now separated from the latter by 
the denuded surface of the Pennine Cliain. The structure 
the field is complicated, but may be broadly described as a baMn \ 
of which the northern and eastern edges rest on the Millstone 



£KGLAN1> nt 

wbtk the weston is defined by a downthrow taolt^ 
funning north and south through Bickerstaf!e« and throwing 
down the New Red Sandstone. The southern segment is 
hidden beneath the Mersey Valley. Faults are numerous, and 
the measures are in general steeply inclined. 

The middle Coal-Measures contain the following coals 
(Strahan) : 

DUtricL SooIWD... 

Northern 15 40I ft. 

South-eastern . . i<) 70 

South'Wejttcrn .... jj 75 .• 

Well-known seams amon^ ilirsi- arc the Alley Mine, Wigan 
Cannel coal, Ravenhead. Rii'-luy-park, and St. Helen’s Main. 
Many collieries in ihi'. fu ld liava* long operated at great depths* 
Pendleton colliery, near Manch(^leI, lor iii'^tance, being 3,483 
ft. deep. 

The ** actual ” reserve of co.il estimated to be 5,600 million 
tons. " Probable ” reserves in the ('b< shire basin and “ pos- 
sible " reserves around ( lu ster, the W irral, and Liverpool arc 
referreti to undrr ( (mccult'd Ctml-I'trUs bdow. 

Yorkshire, Soitinghamshin and Derhyshite L\o, II on Map]. 
— Tliis coal-field is the m<»si exteii'-ive in Kngiand. It extends 
from Leeds to Nottingham, a distance of fio miles, and is roughly 
defined on the west by a line drawn from Halifax to a point 
4 miles east of Derby, on the east by an arbitrary line running 
east of Pontefract, Doncaster, Worksop. Mansfield, and Not- 
tingham, beyond wliich tlu‘ measun s arc bidden beneath un- 
conformable Permian strata. The width is, therefore, still 
unknown, but assuming an arbitrary limit to tlic cast, the area 
is estimated as follows : 


ViiiW© coal-field 

Concealed but proved coal-field 
C(MlC©aled but partly proved m the Trent valley 
Total 

The Coal-Measures outcrop on the northern and western 
: siargins, and dip at a gentle angle beneath the Permian cover 
.for an unknown distance to the east, in which direction the 
structure of the field is still undetermined. Mining develop- 


808 w], mile*. 

2,126 „ „ 
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inents of an extensive kind have, however, been cainiti out b 
recent years within the concealed area to the east and south w 
Doncaster. 

Coal-seams occur as under : 


DUttlct. 

No. of Mjunt. 

SSSUf 

Northern area 

. 15 

52 ft. 

Central urea . 

. 18 

40 .. 

Sonthern area 

. 21 

50 .. 


The chief seam is the Barnsley Bed, which is in places from 
7 to 10 ft. thick, and lias been worked from Barnsley to Not* 
tingham. Other well-known scams are the Parkgate or Deep 
Hard, the Flockton or Deep Soft, the Silkstone or Black Shale, 
and the Warren House. 

The output in 1013 reached nearly 75 million tons. The 
reserve of coal over the proved coal-field in st'ams i ft. and more 
in thickness was estimated by A. C. Briggs for the Royal Com- 
mission on Coal Supplies in 1904 as follows : 

West Yurkslmc 8,367,385,000 

South Yorkshire ..... 10,770,620.000 

Derbyshire .uul N'otlinghamsluro . 7,3^0.725.000 

Total lit long t(tns .... 26,408,730,000 

But the ligures given by a. Strahan [2/p. On] in 1913 are: 

Keaervo to 4.tK)o ft. . . . 40,254,216,000 metric tons. 

I, from 4,000 to (*,000 ft . 085,000,000 „ „ 

Cumberland |N(i. 12 on Map]. The visible coal-field in this 
county follows the coast line from St. Bee's Head to Maryport, 
a distance of i6 miles, and has its greatest width of 6 miles at 
Workington. It then continues north-east as a strip, about 
10 miles lung, from ne.ir Maryport to a point south of Wigton. 
Outcrops of Millstone Grit and Carboniferous limestone bound 
it on the south-east and cast, and faults cut it off on the south 
and north. Its limiti> westward beneath the sea are unknown^ 
but at Whiteluiven coal is being w'orked at a distance of 4 mikji 
from the shore. 

Beyond the northern limits of the “ visible ” field a 
cealed coal-field of much greater area possibly exists eail- 
ward and northward beneath the mantle of Permian measus^i 
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U to as CarKsla, and beneath the Solway Firth to the small 
visible coal-field of Canonbie in Dumfriesshire. 

In the northern part of the known field there are lo scams, 
in the central part 20, and in the southern part ii. aggregating, 
respectively. 28. 57, and 45 ft. of coal. Inclusive (d undersea 
coal within 5 miles of the roast tht‘ otiinatcd actual reserve * 
is 2,180 million tons, of which 40 pt r cent, i^ in the land area. 
An additional “ pndxihk n -i rve" of 1,200 million tons ia 
estimated to lie between 5 aiul 12 milis fiom the coast under 
the sea. 

Durham ami yinlhinnikilaml No. 14 on Ihis im- 

portant coal'ticld h*" • hi'llv in the t«iunt\‘ •»( |)iirh;iin. Its 
outline is tiiangul.u, wuh tin- ap< \ to the north at the mouth 
of the River (.'uqurt and tin' ^a''le^l side on tin* N<*rth Sea, 
beneath which thr m. aMio s extend its U neih from north to 
south is over 50 mil*'', and it" widili iani:«s fiom 5 miles in 
thenortli to 40 niil< ^ m tin* Pmman mck^ overspread 

the Coal- .Mea^un on tin Dmliam coast and alon^ the southern 
margin. The an .) ol the li' ld is < omp\ii(d a*- follows i 

Coal-fitld cNjo-.ii 

,, uri'ltr l’<rini.u. so.ii.i 

,, uiun*! Uk It. I 

lt 4 al 

The general structnii* of the tn M i< that of .1 trough, with the 
longer axis running nouh and '.oinh I In- wi stern margin 
rises towards ami r< st" aLMin’'t tin l‘‘nnin' ( haiii, and the 
measures tend to rise m tin math ^ .("t if ^ar'i- tin* lloor of the 
siea, and in the s<)utn as ,t sub-tailf ro]» In in atli tin* overlying 
. Permian rocks. 

Sixty seams have b<rn nirntifn d. of whn )j from 20 to 23, 
1 ft. and more in tluckne-". are workabh*. and aggregate from 
46 to 60 ft. of coal, \ he e-tunatrd “ actual rt .erve; ’’ is 11,000 
millton tons, of which about 25 per cent, is undt r tlie sea. The 
output in 1913 was .Matut< tons. 

In the Carboniferous Limestone lying on the west of the 
Coal-Measures in Ntirthnmberland there are inegular ocrur- 
^eences of a series of coal-seams which arc the equivalent of tha 

h' '■,3 


s<) null’s. 

»-■) 

» a- 
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Lower Coal Series of Scotland. The scams numbw froni_& to 
■ 8, with an aggrefiate thickness of about i8 ft., and were' esti- 
itKitcd by Lindsay Wood to contain 15^^ million statute, tons 
in the exposed ixirtion.-s. A further quantity of 3,455 milUon 
statute tons was estimated to underlie unproved areas, and is- 
regarded as a " po'jsible leservt*.’' Some of these thin seams 
mu$L however, lie at j;reat d«‘pth, and it is open to question . 
whether all of this amount can be placed in the category of 


available coal, 

KcfU I No. rq on M.ip; This (oneealed coal-field lies in 
the e«ist (tf Kent, ami m eniiielv eovered by Cretaceous 
and Jurassic itM;ks. v.uvinK m lliickne->s. roughly, from 8<^ 
to 1.400 ft. 

Geological deductions, in<lifated bv He la Rcche in 1846, 
and more full)' elaliomttd bv Giulwm Austin in 1855. icd to a 
belief in and linallv to a ^'anli hn this held. Boring on the 
site of the ('liannel Tnmn‘1 win ks proved the accuracy of these 
deductions by tin* disi o\ei) of < oal m iSf^o. Subsf'qucnt boring 
has provf'd a coal hehl of large i xtent. and the sinking of deep 
shafts and mining opinatioiis have demonstiated the value of 
the coal deposits, in spite of many diHicultu'S. principally due 
to the iireseiice w.iter-beaiing ground in the Cretaceous rocks 
overlying the (fial Abasiire. Similar, and at times even 
greater ditliculties. it may be pomtid out, have been encoun- 
tered and overcome in Belgium, tlu' north-east of France, 
Westphalia, aiul some ot tln‘ concealed parts of the coal-fields 
of England, with less tt'chnically perfect methods than are 
now available. 

The writi r is greatl)' indebted to Ihofessor W’illiam Galloway 
for having pkua'tl at his disp()>al mueh information regarding 
this field for tlu' descriptions of its salient features, which is 
here largely made list' of. 

The surlace of the Coal-Measures dips southwards and 
south-westwards. Its average depth below sea-level in a Htw 
drawn from the South Foreland to Sandwich at a distance of' 
about i miles from the coast is a little over 800 ft. Near .. 
Bishopsbournc it is 1,113, at Elham 1,323, and at Folkestcaie : 
1,374 The thickness of the Coal-Measures in the Ripfde , 
borehole was 2,248 ft., and at Oxney, near St. Mar|^t')^ 
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^,736 (t. were bored through without reaching bottom, th^ 
measured, according to the late E. A. N. Arber, represent a 
thids development of the Middle Coah Measures, and of what 
are known as the Transiiicui Measures, which lie between the 
Middle and Upper Coal-Mea>iires proper, thus resembling, a& 
in the fossil flora, the iiu asurctj of the I’as de Calais coal-hcld. 
Nearly all the borehok-.s <huw that the ^eains of coal are more 
numerous and individiiaily tbuk«T tovvanls tlic base of the 
measures than hij^ber up, but for lea'^ons nt)t yet apparent no 
convincing correlation ot tlic M-aiU'^ kmiul in the various bore- 
holes has been established. < X( ept in the tase of the seams 
found in Barfreston and \Vald< isliaie boreholes and Snow- 
down deep pit. and in that «>1 the s< .1111 now being worked 
in Snowdown and riliiian>t»>iU‘ collieries, in a distance of 
about 4 mill's. 

Kent coai-tieki lu^ 111 a roughl\ dlipiual, but unsymmetrical 
trough in the okki naks Ihc niajoi axis of the trough 
runs from a piunt slightly letitli of ( lu^h 1 , Uirough Dover, and 
continues for an unknown disiaia 1 into ili< Channel. Starting 
from the most n irthern point nf the ni.ijoi axis, (he margin of 
the field ciirws lonnd noitli eastwank. gradually trending 
southwards, until it p.isscs uiuk i the sta near Sandwich, and 
is thereafter biippoM-d to tuiii nion- and inoie wmlliward. 
From the same point on tie axi' tlu' \m stt m cm ve of the ellij^ 
turns westward, trending rapidly ''outhw.ird, and passes not 
far west of Bishop^bourne, Klliani an«l I'ulkt.'slone, where it 
disappears under the sea. 

The length of tli*- roal-liekl from ( hibh t to Dover is 15 
miles; its width from Klibsiket to J.lhain is about lo miles, 
and increases southward from that lim . Ii.s area under dry 
land is, according to Sir.ihaii, about 150 Mj. miles, to which 
has to be added a submarine area of 50 ><j miles in an accessible 
Strip parallel with ilu- toast. 

The Ripple and Barfreston boreholes, 4J miles apart, and 
practically on the samt* line from east to west as Tilmanstone 
and Snowdown collieries, may be taken as generally typical 
of the coal-field, and are as follow : 
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The cheinitMl cnnstitutitiii dl tin* mal, as sliown by these 
analyses, is cxccllt iit. (i.illouay “ llu' st'ams found 
in SnoNvdown (hep sinkinj; btlnu th,* IViesford are a 
little iianltr than tlu latter, but all o( them f>ailake more of the 
nature of the seams humd m u>aMiel(K between Kent and 
Rhenish’Weslphalia. mehiMve of tlu' latt('r. than of those 
found in most of the axil tield> wurktal in other districts of 
this counti V. Some of the seams finmd in the deeper boreholes 
contain as little as 14 pet cent, of vulatile matter, and will, 
therefore, as far as their chemieal constitution is concerned, 
rank as first-clas> steanvcoal> <»f the Wel>h typo. It remains 
to be seen whether their ph\>ical constitution will entitle them 
to be retained in that category. ” 

Tilmanstone and Snowduwn collieries have produced cpal 
since 1913 ; Chislet colliery is now producing a little coal,, 
and it is undcrstotxl that the sinking at Guilford colliery has 
now nearly reached the Coal-Measures. 
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and Snowdown collieries have prodiiced the 
lollovring quantities from the Beresford seam : 
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directions. 

Strahan, fnlloumL,' ••.UMiwitiv- lu»t .md allowing an 
aggregate tliickm *»( onl'v o* tt 'd (cal *>V( r the field, 
arrives tentatiwU ,ii a of .M'oo ntilli(»n tons. 

H. S. Jono, Nsith iat'i iiifoiniaiion a\ail.»l)l< and apparently 
on good grnuii<l^, ii(}-l(- till' 'jiiaiitii\, and. in addition, 
indicates a “ piohahlc ’ o-mf of ;.0o<t nnlhon tons of coal. 


('onciidui ( odi /'/<//. u: } nyhniii 

The wholly r(in<ralr<l M.al fi<ld of K^nt has now been 
proved to a condd< raM. » \i( m l'\ !»omii!:. and has entered the 
Kst of producing roal-lnld'. li' g<n'ial di.araeteristics have 
been already (le>cnli«d. 

At Burford, in Oxfoiddiio-, a hoii h -l^ )>nl <lown in 1875-7 
reached (oal-Mea^un > at i.iS| ft . and -.lid i<j have passed 
through some coal. More o- < mly at (ha>fiT(l, in Gloucester- 
shire, Coal-Measures wen; n a. hed at ft . anrl were found 
to rest upon Silurian rockN. j urars^K- and '1 iia‘".ic rocks extend 
over the district, and tin* ( \i-t« m t- of piodiKiive Middle Coal- 
Measures is still undf terniin- d. 

Esttensions of known <oal-fields to greater d«'pth>», either 
thtough the dip of the nn aMins. or thnaigh do\Mithrow faults, 
beneath a covering of more recent rocks, constitute Uic other 
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known concealed coal-fields of England. These ate in most 
cases being gradually approached or proved by deeper borings 
or sinkings. For the few details here given regarding them, 
we are indebted to the short but lucid descriptions to be found 
in The Coal Resources of the World, by Strahan. 

South Stajjordshire.- lo the west of the known coal-field of 
South Staffordshire, towards Coalbrook Dale and north of a 
line drawn from Ihidgcrutrth to Sedgley, Lapworth con- 
sdered there was a eoai-lield with a probable extent of 220 sq. 
miles. Exclusive of coal supposed to lie at a greater depth than 
4,000 ft. or to be otherwiM,' unavailablt', he estimated a " prob- 
able reserve ” of about i<,5oo million tons. A “ possible 
reserve'' may also exist in giound to the south of the above 
area. 

On the eastern side* of South Staffordshire, towards the 
Warwickshire eoal-fH ld. an area is estimated by Lapworth 
to cover 202 s(j miles, to h.ive on an average 35 ft. of 
coal, and to (’ontain a reserve of 10, 000 million tons. But the 
covering of 'Irias^ic and other unproductive rocks is thick, 
and this larg(‘ (juantity (<*.d mui.1 for the present be regarded 
only us a “possible lestave.” 

North St(i(lord'Jnh . I.aj).\orth has estimated that on 
tlic southern margin (d the Noith Staffordshire coal-field, a 
Sub-Triassic coal- held, I'xtcndmg fiom tin; north-western bound- 
ary f.oilt of the known held, e.istward almost to Uttoxeter, 
and as far south as Stoni*. has an aiea of about 96 sq. miles 
and a coal cont<'nl (d nearlv ().o(k) million tons. Only half, 
however, of this (pianiity is supposed to lie at a less depth 
than 4,000 ft. and to come within ilie category of “probable 
reserve.” 

Cheshire liasin.- - In the country between the coal-fields of 
North Stiifioi'dshire, Denbighshire and Lancashire, coal prob- 
ably exists. But the depth is prohibitive except in parts 
towards the margins wheit' there, is a " probable reserve “ of 
30 million tons, do this is added 120 million tons, probably 
raised by faults to within .pooo ft. or less of the surface along 
the eastern and north-i‘a>tein margins of the Cheshire basin. 
The “ probable reserve ” is thus 150 million tons. 

Chester, Wirral and Liverpool— A thick covering of Tnaasic 
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liiii barren Uppar Carboniferoos rocks b s^^pead dW 

^ sq. miles of this district reasonably supposed to be coal- , 
bairing. A thickness of 15 ft. of coal within this area would 
produce nearly 3.000 million tons, but it is pnKlent to regard 
tbis only as a " po'^siblo rt ><'rve,” I)iYp lK>ring at Hcswall 
entered unpro<hictiv(' strata !)cl()\v tlu‘ Hunter sandstone, 
Yorkshire, Dtrhxbhin' intJ Tile Coal- 

Measures of this coal li« Id liavt* a t^iiu ral dip to the east, and 
finally disappear hciuath an incii‘a''in.i; tliuknt ss, df Permian, 
Triassic and Jnra>si<' {onnation^ I la* « a''t< in limits of this 
extension are ;)till iinkn<mii. but ihr a^eeiei^atc thickness of 
coal would apjiear far t<* l»*“ maintain* d. 

Strahan, from varit'ii'^ ( cn'^ith iMtinii''. rtahiccs the estimate 
of 2,550 sr], mill ^ ai<M o( tin' extension, 

to yho sep mil' s ami tin* am<»nnt nf "(n.il existiiifj ’ from 
46 million ton> lf> a linl« nn<l*-i (aie ihud ..f this jipmrc. In 
this estimate the ;msnin<<l thnkiK 's dt umI is 20 ft, 

Vale of Kdeu iOiu S-l. av / ui/i. < hi th* n**ith<-in side of the 
fault foiminp' thr l^uund.uv »'f th'- t umh) tlaml (oal held to the 


north, thcie is an ar* a <*t .pi sij. nnh s In in \ • d (" he underlaid by 
coal at a workabh- d' pili. On thr a-suiniition of 21 ft. of coal, 
an estimate of alKuit *''14 inillinn tons id « dal m arrived at, and 
this is rcgaided as a " pd.-ibU; re^dvr." 


S( ori.wu 

Tlie principal coal luliO of Sdil.md ar.’ bamd in the coun- 
ties of Midlothian, I'.. 1st I.dthian. l ih , lanhtli;,'»nv ( lackmannat), 
Lanark and Ayr. Ihoadlv akiim. ih. \ h*- in a bell stretch- 
ing for over 90 inih s in a iinrth-rasi i<» Miuth-west direction 
from the coast of l ife in the Ayrdm*- ctMst. Tlie average 
width is 25 miles. Small fn hk an* abn fomifl, such as Lesma- 
hagow in the south of Lanai kshin*, Siau‘juhar in Ayrsiiire, 
Campbdltown in the south of Ar^jvlMure. and Canonbic in the 
V south of Dimifriesshire. The last i> pns-ilily continuous, under 
the Solw.iy Firth, with the coiueah cl hrld in the north of 
^ -Cumberland if it exists. 

’ Throughout England and Wales except in ])art of North- 
, tuuberland, the coal-seams occur only m the Coal-Measures* 
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' '' '* ' 

that is, in measures above the Millstone Grit. In Scotland, 
the principal seams occur in the same horizon, but profitable 
coals are also found beneath the Millstone Grit in the Carboni* 



ferous Limestone and, lo a less extent, in the underlying. 
Caldferous Sandstone. Ihcso lower coals are evidently du9 
to the existence of swamp comlitious favourable at times to - 
growth of vegetation, at a period when the areas to th^ sout^' r- 
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wiife stm covered by the sea. It naturally Mows that the 
Ou^boniferous Limestone and Millstone Grit are more sparingly 
diiv^rioped in the north than in the south. The coals of this 
lower series are generall)' thin. Init are well devcloi>cd around 
Lochgelly and Dunfermline in Fife. 

The following table is from W.ileot Gib^'n’s work, The 
Geology of Coal ami Cvul MituuL: ,iSj 


Sequence of tin Ciofiotuh :^ysti'm in SLotland 


jH.-J 

Coal-Mmurc^ I j/i>t r < « .li n n< ^ 

I b.vstr 1 . 

Millstone . Knsliii ''.in 

lahiu'st I'.vii* r. ■ f 


Carbomfc-rniis 

Limei>Umc 

Series 


1>{M 


I S-iml't. I 

j -m t t . 
r ''I 

' l.W.'S* 

Calcilorous Sanci'jti'ii. n 


..t ’ t, I., U u k 


n< ( <.itL T.itr 


OOO ft,- 

3«o „ 
Nu> to 1,500 „ 

<1 to 700 


Portions of the heottli (t'.il liihl' li.Kf birn subjected, at 
widely separated pciiod^ to mtni-i"ii-it{ matter, which, 

as Vcrticiil dykes. ,idd to tlu-eoM »•{ mmmu, and, sills following 
the beds, have tIe''lioy(«l l.ir^r rjii.muin ' o| » n.d, particularly 
in Ayrshire,* Fife and IanlHligo\\>ltue. 

Scotch coals are, as a lule, bitnnimou.'-, and range in quality 
from good to medium st« am, ga'^. hou-* and (oldngeoal. An- 
thracite also is found inai igne-'U'- intni-ioii'' in the fields of 
Ayrshire, Lanark.shire and Idle, (anml eoal o( < urs in Mid- 
lothian, Lesmahagow and \v» and soutli of Fda'^gow. 

The Lothian Coal-TitUh No i nn Map 'llasr consist of 
the large, deep and, at the edges, sti eply inclined trough of 
Midlothian, and the smaller and llaliei ti<aigh of Fast Lothian, 
partially separated from each oiln r by tlie Carberry ridge. 
The major axis of the former pa-^e:^ fiom south to north by 

^ " ^go coals " oi Mi<llrithi,ui 

^ • The writer has observed at ‘1 ral»l*<7rh < 'dlu-rv. Nj rshirr*. intensely hardetusd 

iathncHic coat in the centre of a o ft. sc:im untou* lu^l by n^nc'ous rcM;k, and 
^ of .which the upper and lower sections k iriaincd bituminous, an effect possibty 
" 4tM> ih the passage of hot gases evolved by igneous rock. 
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Dalkeith and that of the Utter by Tranent, the ntea^ 
striking north beneath the Firth of Forth towards Fife, whert 
they reappear. 

The Midlothian field includes the Coal-Measures a»d the 
Carb9nifcroiis Limestones or “ edge coal series, and has ill the 
UJ)pcr series 15 scams of coal aggregating 40 ft., and in the 
lower series, when* best dcvf'loped, 22 seams aggregating 65 ft. 
[2/p. 621]. In the ICast I.othian field, on the other hand, the 
Carbonifenais Limr.t.me sciirs only is represented, with 9 
scams aggregating ft. 1 ro/p. 228], Hull gives the total area 
of these fields as 05 nhlcs, but Strahan, at a later date, gives 
128^ s<j. miles, and an (‘.->tinKited actual reserve of about 3 »^ 4 ® 
million tons. 

CcHil hcncalh the U'ulh of Foeth |No. 2 on Map].-~Coals of the 
upper and tin' lower sisiis ^tK'tch as a north and south syn- 
clinal trough belli ath tin- horth. ainl ociaipy a probable area of 
130 S(|. inih's. .‘V'coiding to tin* tigun's of (icmmell, fur- 
nished to tin' Koy.d ('onnni''Mon on ( (»al Supplies, the upper 
series e.\ten<ls over 58 ''fj. miles and c<>nlains 20 seams aggregat- 
ing on the iiortliein -^Inne (>5 ft., and f>n tlie southern shore 
40 ft. The lower seiies. to a depth not exceeding 4.000 ft,, 
may occupy 58 ><{. inile'>. am! a^^ t‘.\])osed has, on the northern 
shore, an avetage of 27 It. of coal, and on the southern 44 ft. 
Beneath the 4.000 ft. li'vel tlu' lower series occupies an esti- 
mated area of /,o miles. 

The coal contents ,iii' estiuKited .is follow ; 

Coal alH)\r .j.o* n f(. . . . 000,000 metric tons. 

Cvjal l)clo\v j,ooo ft . , . I , et4,oo<‘,ooo ,, ,, 

Fife and CLuhnuunnni [No. 3 on Map]. — As already men- 
tioned, the Fife' lit Id is linkf'd bi'iieath the Firth of Forth with 
tile Lothian fields, and at its western end is, with the 
/.mannan field, continuous beneath the River Forth and its 
' estuary with those of Lanark and Linlithgow. The area c 4 
coal-bearing im asnu^ in Fife, inclusive of a strip in Kinhi^^ 
’is 148 sq, miles, and that in Clackmannan, inclusive of asinaS 
' area in Pertlwiiiie. is 41 stj, miles. In Fife, 20 seaihs, 

'■X ft. in thickness occur in the upper coal scries and aggre^tC 
' 65 ft.^ while in Clackmannan the number of seams dec^esse^t^ 
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^ Ui^ thipkness to 50 ft. The lower ^«ries in Fife coii- 
taifig 39l ft. of coa! and locally, around Lochgelly. a con^der- 
ihly greater thickness, but in Clackmannan the aggregate 
decreases to 23 ft. 

The ** actual reserve" of coal aixmt (m8o million tons, 
and in Fife and Kinro««s the " probable le-erve " l>etween 
4,000 and 6,000 ft. is >51 million. 

Linlithgowshire [N(» 4 mi Map . Tl« coal bearing area of 
tills county is 61 m} iniK< Ihr i'.mI-Mi a-nn-s contain 4 
seams aggregating ti> 10 ft and ilu ( .iil><>nih nais Limestone 
4 to 6 seain'^, with ul It. •>( (..al, uhi'l' ho\v»ver. split up 
and thin out wi siwaid 1 In faiii'a!'- r.oglirail niineial occurred ’ 
in the west of this dl^t^^ t. llir ('^tim.Ucd coal K'servo is 680 
million tons. 

Stirling and Dumkul>>n No 5 on .Map'' Coal extends over 
193 sq. miles of tlu M- toimti, s. Init in I)nmba!lonshire is found 
only in the lower rn \\ In n di v. Iop( d ih*- Loal'Measures 
have 34 ft of coal in i ; -» am- and the lain* -tone from 17 to 
25 i ft. of coal in fimn 10 t** 15 ''.nn. i< -]>* • tiwly. The coal 
reserve is 1.9JO imllntn ten- 

Lanarkshire iNo. (ten Maj) In tin rieat induntrial county 
coal is found over an aoa of J75 -tp mi)' James S. Dixon 
[lO] has stated that the (VtalMt a-un wlm h ci < m t»ver a large 
area, contain in tlu Haimll<ni di-tru t 7 '< am- with an aggregate 
thickni^s of 27 ft., and. below tlie-r j -) am- with to 10 ft. of 
coal, while the Linustone senes (tv* r .m .U'-a f>f sq. miles . 
may average 6 ft. of (.'lal in ihm -earn- wlm h thi< k« n eastward 
in Linlithgow.-liiie IntwMn l’.aii)L.Mt< and Wilsoniown. 

In the detacln‘d pftriion of lie- lit Id t<» the s,,uiJi around 
' Douglas, 5 scams, aggregating zyl ft t>f ff/.il, ate found in a 
Small area of the Coai-Mea-nres, wlnh tlie LimesUine series, 
which underlies part of the field. < mitain- 50 ft. of Cfial on the 
iouth^westem margin and 37 ft. to ilie n<'itli 'I he blackband 
' ironstone of the lower series, discovered b\’ Mushet early in the 
,, 'nineteenth century, ha*^ contributed largely in the past to the 
< .prosperity of thi.s count} , ihe coal r« -eiv(‘ is estimated at 
; ioOO million tons. 

^ " Renfrewshire [No. 7 on Mapj. ■ The area of tliis coal-field i$ 

7 73 miles, but the coal reserves only amount to 135 million 
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tons, contained in 7 seams, aggregating i6 J ft., in the 
ferous Limestone. 

Ayrshire [No. 8 on Map]. — Igneous rocks, occurring as erratic 
’ lateral intrusions, have destroyed large quantities of valuable 
coal, particularly in the southern half of the field, and in con*- 
sequence an estimate of reserves is difficult. J. S. Dixon, in 
1904, estimated the available coal as 1,082 million tons, 
while A. Stralian’s estimate of the actual reserve in 1913 was 
1,337 million tons distributed over 330 sq. miles. 

The CoabMt asures in the northern part of the field contain 
from 12 to i-t seams with 2<S ft. of coal, and round the south- 
eastern, southern and south-western margin, from 7 to II 
scams with from 2t)l to 30 ft. of coal. In the Carboniferous 
Limestone around Muirkirk, from 10 to 13 scams aggregate 
from 36 to 54 ft., but in llu.* southern part of AjTshire the 
series is poorly developed, and it is (‘stiinated that the scams 
over half the field luTome so thin and so affected by igneous 
rock as to be v.dueK'ss. d he blackband ironstone of the lower 
series occurs at Daliy in the north. 

A narrow pat('h ot the Linn ‘'>t(Uie S(Ties, some 5 miles long, 
lying in the (liivan Viilley, ha^ 0 st'ams, with a total thickness 
of 27 ft. of eoal. 

Duvifncss/nn' {No. 0 tm Mapk Sancpihar Coal Basin. This 
detached area of Co.d-M(‘asures extends for 5 miles, with a 
width of 3 miles in the Nith valK'v beside tlie village of Kirk- 
connel, ami eontains 8 seams with 23I ft. of coal. The Lime- 
stone stTie.s is ab.s('nt. .\t C.inonbie, 7 seams, each over 3 ft. 
thick, and aggiegating ovi r 40 ft., have been worked, butnev^ 
wholly pro\ ed at om' point. Two groups of seams are assigned 
to the Coal-Mv asures, and one to the Limestone series. These 
cual-bearing measures are overlaid to the south by the barren 
red sandstones and shales i>f the Carboniferous system, onl 
which, in turn, riiassic sandstone lies uncon formably. It ia 
possible that this fu Ki may be the northern limit of the concealed* 
coal-field in the north of Cumberland and the assumed part 
b^eatli the Solw.i\ Tirth. The coal-bearing area of this coun^ 
is estimated at 2t).lsq. miles and the coal reserve, inclusive of 
small amount in Argyll, apparently at 667 million tons. 

Ar^U [No, 10 on Map]. — At CampbcUtown, on the West 
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Kuliyre, ^ miles on land and half a square mile under the 
aea arc occupied by Carboniferous Limestone, in wliich 8 seanw 
aggregate 45 ft. of coal. Mining has been carried on here for 
many years on a moderate scali\ 

Sutherland [No. 11 on Map]. At Hi ora on the Dornoch 
Firth coal of Jurassic age occur'? and i.'. probably nearly 
contemporaneous with the carlxmaciMuis strata of Whitby in 
Yorkshire [19]. The coal, tir>t \Vi>ikid here in ix of com- 
paratively little value. The i ^Uluated quant it v is i million tons. 

liu.i \\u 

There is evidence that the t aibiuufeiouN system extended 
over the greater part ul in. laud, ami that tin- juodiiLtive Coal- 
Measures occupi' d a laig*- aiea Hut d< uudatiou in Hermian 
times spared little <»( ih'’ latter, aud lemii.iut'' only of this 
wealth of fuel exmi in ’'Uiall and i-'ilatid eoal-lields. Ihe 
coals in the northern half of Ir* land are in general bituminous; 
those in the southcni hall an mi hituimucU'? or anthracitic. 
They arc found in am-' win* h ex* t pting sonic in the Antrim 
and Tyrone basin- an- 'Mh m< !\ thin. 

G. A. J. Cole ami \i. M. J L>burii p » stiniated the 
“actual coal reseiV( “ oi lalaml !>< 1^0 million tons, and 
the “probable reserve 't<>l» iiu nulli-m imu. Of the " actual 
jigggl[-yg^” niilli'in toil'- lus in lla* Loui-t* 1 ( oaldiehl. These 
resources, tliough (oiupuativdy '-iiKdl and ino^.tly occurring 
in thin seams, miglit he moie lully uiih/i<l ucre greater local 
enthusiasm applied to th-ir « outinmd di V( lopmenl. 

. BaUycastle [20]. -TIih laid No. i (,n M ip In- on the north 
coast of Antrim, and, tliougdi now piaiinally abandoned, is 
of considerable geological inu rebt. Ih< « <»a!*bearing strata 
ard correlated with tiu; Lower ( n.il and Inuistunc series of 
Scotland, and are in the hdt of north-tabi and south-west 
Miding, which affected the Siottisli co.d -fiehb. 

^ Xh&^tion of strata on Ballyca.slle Hay includes the upper, 
or ^tUnt seam, 3 ft. thick ; the middle, or Hawksnest seani, 
^it. 4 hick ; and the lower, r»r Mam scam, 4 ft. thick ; while 
, <lii Muriogh Bay, to the east of Fair Head, similar strata, with 
to 5 ft. thick, are repeated over a small area, A 
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few hundred tons only were mined in 1917. The area oT the 
field b 4j sq. miles, and if an average thickness of 3 ft; 
assumed, the " probable reserve " of coal is 13 million tonsi. 



Tyrone [No. 2 on Map]. — At Dungannon, in the southm i 
portion of this coal-field, Lower Coal-Measures outcrops ' 
they are assumed to underlie an area of 8 sq. miles. ^ 
thb area, in the northern part of the field. Middle 
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whlcti are found outcropping at Coal Island, are assumed to' 
occupy an unworked area of i| sq. miles [21]. 

The coal-seams occur in descending order as follow * : 


Middle Coal- 
Measures 
(Coal I:>land) 


Lower Coal- 
Measures 
(l)ungannou) 


rp]>er t u.il 
Annagher coal 
liouc coal . 
Shimni; seam 
Ilrackaville lual . 

('.urlna''kt'a cimI . 

ILiltiln'V u>al 
hert\ ti’.il 
Vani t*'al . 
^Cieeu.i^h (oal 
j I>nii:ml U.ou 1 
I (\arnl'li‘) 

jij)\\»r NK-i;l.e\ 

1, to.il 


il 


H. In. 

^ impure 
>> o soil {juality 
< <• 
j 10 

(» quality 

icamul (t. 

“1 o-al ft 
, 0 Milpluirous 
I I' V '.il <juality 
\ tt fM.iiil ijuahtv 
] o canncl, 14 in. 

I 


i'o.P 33<i] 


Considerable fault in, u baiiul, jmili' ul.nlv tn lhi‘ scams of 
the Middle Coal-Mcasun 'llu-o h.ivc lurn rather 

extensively worked to a ''hall'>\v drpili. but luabniining in this 
field seems to liavr oeaMd ni 1017 

In 1()LC) borinc, wa- laiii"! out b\ the (i(»\vrnnunt towards 
Lough Neagh to tlu- coal t<> r»»ntinue in that 

direction, but the boirholr \\a> ^t"}>|»<<l behin* being com- 
pleted. In the same >. ai a rM-ll.i^t turn b. gaii sinking at Coal 
island in order to devt ht)) i.<ml mmiiu: tin le. 

The estimated " probable r« m ives n1 lyione are : Middle 
series, 43 ft. of coal ovei if <*.; inilhon tons ; Lower 

series, 4 ft. of coal over H sq mil'-' 3^ million tons. 

A small outlier of ('oal'.M' a''Uo •' at Aunachoiie, 4 miles to 
fhe north of Coal Maii.l, i.s i \ mil. l-aig aii.l than one-fifth 
of a mile wide. Tiu’ thi. k Auua.i^li. r >•. .iiu of ( oal Island was- 
worked here and i.s U'lw .xh.nisted, bui m the hiwer seams, 
if they exist here, theie ma\ hr a " possible u-erve " of 3 million 
tons. 

JUugh AUen [No. 3 on Map^. (Aiignai This coalfield 
lies in the counties of bhgn, Leitrim and Koscommon, and 
,C^d|trsist5 of two area'' alx.ut in^o milts to the west of ixiugfa 
oAHeu, and a third situated at a similar distance to the east, 
seams occur in the MilUtone (jrit and Lower Coal-Measuref, 
form the covering rocks of high table-lands about I,I 00 

. t : ' Fvr analyses sec [23]. 
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to 1,200 ft. above sea-level. The seams are found in des^d* 
ing order as follow : 


Lower Coal- 
Measures 
Millstone Crit 


Arigna Slleve-Mi-Tetl* ‘ 

(Wwl of I,0UKb /Mlon). (SMt of Lougb Alkftl. 

/Upper coal, i ft. Sin. (not always ? Hidden by peat 
\ present anfl not worked) 

f Middle coal. 1 ft lo in. to 2 ft, 3 in. i ft. o in. to i ft, 7 in. 
(Crow coal, b in to i ft f in 2 ft. 6 in. to 4 ft. o in. 

(coal and shale intennixed). 


The coal of the middle seam is of good quality and commands 
a fair price locally, but the thinness of the seam and lack of 
drainage facilities have in the past impeded development. 

The estimate of coal reserve in the two Arigna basins is 5 
million tons, and in the Slieve-an-Terin basin 3J million tons. 
The production in 1917 was 2,200 tons. 

Nodules of carbonate of iron are found in the Shales below 
the coal-bcaring strata, and this ore was formerly smelted on 
a small scale at Drumaliaire in Co. Sligo. 

Leinster. —Cixstlcamwr [No. 4 on Map]. This coal-field, 
which is the largest and most impoitant in Ireland, occupies 
portions of Kilkenny. Carlow and Ouirn’s counties, and covers 
95 sq. miles. It occuis as a synclmal basin rising above the 
surrounding Carboniferous Limestone. The middle and lower 
Coal-Measures only .ire found, and the seams contained are 
anthracitic. I'lie coals <>( the middle series are mostly worked 
out, the only coal left being about 3.I million tons in the Jarrow 
seam. In the lower series, the second lowest seam, known 
either as the Upper Tnwlertun or Skehaiia or Wolfhill seam, has 
an average thiekness ot 20 inches. It is assumed to underlie 
the whole of the held, and to contain 150 million tons. The 
output in 1917 from Kilkenny was 01,742 statute tons, and 
from Queen’s County 14,15b tons. 

Tipperary. - (Slieveardagh). Tipperary coal-field, kno^n 
also as Killenaiile. lies to the south-west of the Leinster field,., 
and contains anthracitic seams, which have been correlated; ., 
with those of Leinster. The upper Towlerton scam, known here^ / 
, as the Upper Cdengoolc seam, varies from 18 to 24 inches to..; 
' ■ thickness, and is estimated to contain 15 million tons. The 
/. to the limited area occupied by the middle Coal-Measures, 

^ be regarded as exhausted. The output from Tipperary in 
was 4,403 statute tons. 



ICELAND 

Ckft, Limerick, and Kerry [No. 5 on Map].“Coal-Measure$ 
are found extensively in these counties, and coal has been 
worked to a small extent. Little, however, seems to be known 
regarding the coal, except that the scams in general are thin, 
and that two are reported to be thick, but remote from transport 
and market. Anthracite lias bet n woikod west of Kanturk, 
to the north of Abbeyfcale, and at Hallaghbehy. 

ASIA 

Bkih^h Nokiii Hokm o 

Coal is found in nianv iocahlie'. m Hnti h Xortli Borneo, but 
much investigation will be Ix fot.- an estiinatc of the 

reserve can be mailc. Hu- (oal i-' >u|)j’0''ul to be entirely of 
Tertiary ago. 

According to T. I’n^ wit/ J-t', " roal-l)ed^ e.xtend along the 
coast from Sarawak lo Ihunei. Hkiut (hev are continued 
either along tlu- eo.!"! <>r on the n«'mlib"Uiing i.''Iands. ’ They 
are known to orcui at tie- fnlldwinc' In ginning in the 

west of the Statr of >aMwak. aiul <«aiiinuing loiind the coast 
to the north of the i''land. and down tin (M'^tein coast to St« 
Lucia Bay : 

Near the jnnrttcn nf tin- Mnninjaii rivd with the Sadong ; 
on the river Liiiga. a tiibuiai\ nl tlir Itaiang l.upar; on the 
rivers Rejang, Mnkali, ihntuluh ; in liu- nouii-«'a;>t of Sara- 
wak on the Barain n\(r ; in tin- Iriiitoiv of Brunei in the 
limbang river and it- mbnt.irv tin- M.id.d on ; near the town 
of Brunei at Muara <*i Ibonk. ton , on tie idand (»f Labuan; 
in the territory of tin Bnti-h Noitli Bohim* ( liartned Co. at 
,Batu-Batu in Bruin i P*ay, on (ia\.i i-kind, on the Sequati and 
Kurina rivers, on tlu- I't nkoka riv« r < asi <>f Marudu Bay in the 
^treme north of Bnniu*. in Sandakan llarlxair, and at 
S^mpopoD, 12 miles from the shoie <>t M. Lucia Bay in the 
SUnth-east of the Territorv. (Cal also ou urs in the interior 

a locality south-west of Mt. Kinabalu, and at Penungah ott 
^ IQiiabatangun livcr. 

; the Muara coal-field there are 5 seams, 28, 26, 29, 5 and 
' ft thkk, the first two being worked. The seams, where 

iexploared, dip at an angle varying between 45 ' and 80*, and, from 
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the nature of this roof and floor, it has been conjectured th^ 
they are inverted, but at a distance of two miles the strata 
assume a gentle dip, and the seams may here be found in a 
normal position. 

T. Lewis [2/p. <jo] gives the following analysis of the 2B-ft. 
scam: Water, 11*48. Vol. matter, 40*24; F.C., 4670; Ash, 
1*58 ; vSulpHur, o* ]6 ; Calories, (i.hh;. This thick seam is 
remarkably low in ash. like thick Tertiary coal-seams at Ombilin 
in the west of Sumatra (27 ft. thick), at Makum in the north- 
west of Assam (80 ft. thick), and in the Westport-Mokihinui 
coal-field of Nt vv Zealand (high-class coking coal ranging from 
4 to 50 ft. thick). 

An ultimate analysis of Labuan coal, made by John Percy, 
is as follows : C, 72*27 ; 11, 5*20 ; O and N. 14*28 ; S, 0*30 ; Ash, 
1*85; Hygroscopic moislun*. ()*io. 

The structure of the Silimpopon coal-field on St. Lucia Bay 
is believed to he synclinal, and the strata are gently inclined or 
horizontal. One seam. 5 ft. 10 in. thick, with 4 ft. 8 in. of 
workabh' coal, is being mined. An analysis of the dried coal 
is as follows : 

7 <^*h 4 . IL 5‘h2 ; O. 8-8o ; X. ()-85 ; S. 2*47 ; Ash, 11*62 ; 
Calories, 7.41 2 (j2\ 

It is estimatid that this held law .in “ actual reserve’* of 
5,600,000 tons, and .1 “ prob.dile reseive ” of 70,000,000 tons. 

Im'dlh.mm) Mal.w States 

The discovt'iv of tlic Selangor coal-field prior to the war 
has been a great boon to Ledtuati'd .M.day States. Starting 
, with an output of 11.523 tons in 1015, the collieries turned out 
* 101,846 tons in 155,27(1 tons in iqiy, 168,740 tons in 
V ■ tons III KUO Hydraulic filling of the waste 

, ; on account of the thickness of the seams is to be adopted. 

The coal would appear to bo a Tertiar)^ lignite. Anf' 
analysis made at the Imperial Institute gave : Water, 
./..Volatile, 35*50; Fixed 0x111)011.41*19; Ash, 5*08; Sulphtir; 

, 0*38 > Caloiific value, 5 - 4 hb calories .[2/p. 349]. \ 

Excellent briquettes have been made in England from 
,<loal [25] [26]. 
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India 

tile coals of In^ia are found chiefly in tlic peninsular area 
and, to a comparatively small extent, in the extra-peninsular 
lull country of Assam and Hiitish BaUu liistan, in Sind, Raj* 
putana, Burma, and tli'* Andaman^ atnl Nicobars. 

The coals of ecniKiimr vabu in tin- jieinn^nl.ir an*a are o( 
Permo-CartKjiiifciu'i^ aih - , «*t tin' cxira'pcninsular 

districts are of Tertiary ai;f. iXd pi tdiain ^mall ooahfields 



of Assam, which are of (Tetaceou^ a^;t , .md of the Salt 
' in the Punjab, which .ue of Jura‘-M< ag< l lu Jurassic measures 
(jf Cutch contain seams of ccal which aie, however, so far as 
It&own, too thin to be of » ronomic vahus 
y Before the more important coal-fields are dealt with in detail^ 
|t may be of interest to glance ai on<- or two outstandii^ 
leatiu^ of Indian geology whicli liave a bearing on the subject 
Urn Coal-Measures. For this purpose it is convenient to 
no^^dder the countr)^ as divided into three areas, namely, ((«) 
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the peninsular area of the south, (ft) the mid-north d^viuni'- 
covered area of the Indo-Gangetic belt, (c) the extra peninsular 
area to the north, cast and west. 

The peninsular area has maintained geological stability and 
its character as a land surface ov(>r an immense period of time, 
from the earli(\st pal.eontologic.d record to the present era. 
The extra-peninsular au'a, on the other hand, has experienced 
immense cliaiiges in elevation, culminating in Tertiary times 
in stupendous uj^lifting from the depths of an ocean bed to the 
towering heigiits of tlie h»lded Iliimdayan region. It there- 
fore follows that tile geological changes effected over these two 
areas are of dilferent oideis. In tlie ]u.ninsular area the active 
agencies w'ere stdKuiial, lliivi.ilile and plutonic, and fossil 
evidence is almost entirely l(‘rrestrial ami capricious, while in 
the extra-peuinsular areas the changes are largely subaqueous, 
and the fossil evuh'uee, being marine, is of a more definite 
and reliable natme. \W a cm relation of the strata containing 
these coeval evulenees.maiiy of tin- puzzling pioblems regarding 
the age of the It instiial th poMts can be solved. 

Not only was huli.i hnuiuhtl (»n the north during Permo- 
Carboniferoiis times hv an immense M'a stretching far beyond 
its borders, .ind <>f winch the Muliterram an is now a remnant, 
but it was the noitliein portion of a land surface connecting it 
with Central ami S»)mh Atiica, Australia and South America, 
the whole torming ihi* land surface known to geologists as 
Gondwanaiaml. G* tin' existence of this land surface may 
be traced tlu* mark. d similanty of the terrestrial fossil remains 
in the Permo-i .uU»mferous t oal-Mcasures of these countries. 

The gettlogie.d sotpu iue of tin* (ioiuhvana rocks with which 
the Coal-Measures aie associated is as under ; 

Uhinuu. Mrir-s SloRC. AppMxlmatc Age. 

i ' f.-inchct Zechstein 

j UaniKanj ] 

Lower IWlw Jm.M.rac aliulcs Artinsldail . 

I n,ir.ikar J , 

1- 1 t j Karharb.xri Uralian ' 

\ t IVniUlcr-lxHls Muscovian , A- T ^ 

At the base of the Talchii sorios there (Kcurs a glacial bouldaT';, y 
bed, knowm as the Talehir conglomerate, and analogous 
glacial boulder-beds in Australia, South Africa, and 
America. The Karharbari stage contains coal sparingly^ 



India"' 

it is considered that tWs stage, with the Gitidft 
4 «il*fleld, ‘should be classified with the Rirakar beds. 

The Damuda scries, if with it be inclii<lcd the doubtful Giridih 
iCoal-field, contains all the workable cnal-si'anis t>{ Peninsular 
India, and over 90 jxt rein, oi the wlittle available Indian coal 
The Barakar ami Kajut’anj - are the pnKliirtivo measures ; 


the ironstone sImK '. au' b-uon. 

A general de^cnpiittn the ^ I'.il iiil*!'' < 
H. H. Hayden in 7 Ae f - 
detailed descripti'Ui li\ Ihill .m-l ^im)- >u 

summar)' ha^ bet n < '1 le. I H 1> I 

exhaustive reeord <'1 mah"* ' l In'ii.m 1 
R. Dunstaii in- hided m lu^ ]..tiHi ^ 


.{ Imha given by 
11 01 hi, n)id, and a 
; i while a concise 
.1 1 ) tu< lu' tb 7 ]‘ A.n 
,..il- bv Wyndhara 
/ ,i ( i),il Resotmes 


of India ami theu .\ 


Output of InMar. ( /<-> ^ > 7;'^ lolb and l()iy 

,l;t l.r. ^ -}'• 11,} 




dual and Probable R^ervcs of Coal-fields of India 
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Assam 

Coal-Measures of Tertiary and Cretaceous age are found in 
Assam, the form«T in the extreme north-east on the north- 
western front of the Naga. Palkai and Singpho Hills, and the 
latter more to the south-west in disconnected areas in the 
Jaintiu, Khasi, and tiaro Hills, where, however, Tertiary coal 
also occurs to some extiait. 

Makim (No. i on Map], 'the Tertiary coal of Upper Assam 
has attained its gri'ale'.t devdopnu nt at Makum between the 
Tirap and Namdaiig streams, where a seam, ranging from 15 to 
80 ft. in thickness and avan .iging prol)al)ly 50 ft., is being actively 
worked by the Assam R.iilw.iy and Trading Company. Other 
seams occur, and the a.ggregate thickm*ss of coal is about 80 ft. 
The strata dip about 40 ' to tin* south-east, that is, towards the 
hills, and as tlu' outcrops are at several hundred feet above the 
plains, large (piantitu's of ('oal can Ik* won by adits. The coal 
is one of the best in India, and has the following average 
composition: Catbon, 75*00 , llv<ln)gen. 5*18, Oxygen and 
Nitrogen. 1.1*42, Ash. 2*04. Water, 2*15, Sulphur, 2*15 ; 
Calorics. 7.447. 

Interesting accounts the district are given by H. H. Hayden 
[49], J. M. Maclaren 17 ^ 1 , and (i. 1 *:. Hams [48] (manager of the 
collieries). The last named has estimated that down to water- 
level the total (plant ity of coal Ixdwecn the Tirap and Namdang 
streams is 90, 000.000 tons. The output in 1918 was 294,4^4 
long tons. 

Namchik lNo. 2 on Map], The C oal-Measures extend north- 
easterly from Makum for a tlistance of 40 miles, and, on the 
Namchik river, jo miles from Makum, a seam is exposed con-^ 
ly^ning 2T ft. 0 ill. of excellent coal, with throe interbedded 
^clay-bands aggregating 4 ft. 3 in. [79]. 
i . Jaipur, Nazira, Janji and Djsai [No. 3 on Map]. — Soutil^. 
west from Makum coal is found consecutively at Jaipur, 
mi Janji and Disai. a di-^lance of 100 miles. An average hf 
23 samples of coal from these districts and the Makum fields 
^assayed : Hygroscopic Moisture, 5-0 , Vol. matter, 34*6; 
Gaibon, 56-5; Ash, 3-9 [73]. 

A - ' ' ' 



' k^r bu^ [No. 4 on Map].— In the hUb. ureshrapi ' 
traitt the Di^ riwr. coal occurrences have been reported on by ‘ » 
F. S. Smitb. Saise, and La Touche at : 

Longloi [89] : coal 12 ft. thick and poor in quality ; . ; 

Dbsoma river [85] ; two scams of Jignito, 3 ft. io| to. 
and 3 ft 3j in., with 13 p<‘r a-nt. of moisture and 5*8 per 
cent, of ash ; 

Nambor [89] ami noignmg liver-^ ^65] ; coal valueless OH 
account of ihr* high ash ccuitcnt. 

Jaintia and Kiuisi Inlh .No 5 on Map' \\ .S.W . from . 
Mikir hills there aie tif Jaiiui.i. KhaM and tiar«t lulls on which 
Tertiary and Cretaceous coal is fouiul at various points. 
Oldham [78] reported on a few <h ( uireiit es, and Hall and Simp- 
son [35/p. 25] reh'i to tht‘ moD' iinp(»ilant hK'ahties in short 
description.s. 

The coal-seams occur ovt r an :igcregat(' ansa of considerable . 
extent, but in nioie or h iv>lat* d h< Ids ficn 500 to 5,000 ft. 
above sea-lovel, .\t anv oiv s]>oi tin o- niav be two and.' 
occasionally, thue Mam-. \\hi*h. ihoiigli -oim tnnt s 7 ft. thick, 
arc usually le-s than 5 ft. Tie- (juahiv of ihr .oal is at tim^ 
distinctly infenur, t hi' ugh e\' » s- of inoi-ime and iron pyrites, 
but in certain ca-e- i- i \(\lleni. a- foi « \ani]>le, at Cherra- 
punji and Maolloiig, \sli' ic 1 » iti.n y » o.il, ; to 7 ft. thick over n 
small area, has a coinpo-itnm given as \ Dl.itile nmttcr, 37 ^ » 
Fixed Carbon, 02-0 ; <> 0. I he amount (»f coal available is 

still undetermined. 

Garo Hills [No. b on .Map\ In ih** southern portion of the 
Garo hills Cretaceous <'oal «>< eui- at D.nanggin on the Sumesari 
river, and westward near llangaon. H. H. Medlicott [75] 
reports that the only held of value is that at Daranggiri, north 
..of the point where the river cuts thiough the main range at 
Jankaray village. La Touche [bb' rnemions b seams, of which 
varying from ii to 7} ft. m tliu kiv -s. is workable. Nbne 
the others ever exceeds i ft. The seam lit^s horissontally, iS 
rl nndisturbed by faults, and is mostly abovt the level of the main 
jatreams. The coal b bright black in f(;lour, with a brown, 
contains numerous specks of resin, and burns freely^ 
average analysis given of two sanijilcs is : Moisture, 
Volatile, 36-3 ; F.C., 49 ' 8 ; Ash, 51. The avaUaWe COtl. 
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ii at 76 million tons, but the 

developed till connection with the railway has been ^ected 

by means of an aerial ropeway and a branch railway/ ^ 


Baluchistan 

In the arid and mountainous country passed through by the 
Sind-Pishin railway, via Chapper Rift. coAl of Tertiary (Middle 
Eocene, Laki-division) age is found over a considerable area 
about 4,000 ft. alxjve sea-h vel. file seams are numerous, but 
highly-inclined, and the district is much disturbed by faults. 
Coal of workable thickness only occurs at one or two places. 

Khost Collieries [Xo. 7 on Map]. • The chief of these is along- 
side of Khost railway station, wluTe mining is systematically 
carried on by the North-Western Railway. The Khost col- 
lieries are. according to (irie>.l).icli [45l» 'Situated in a wedge of 
Strata let down bet\\(vn paralh'l faults, but the mining area is 
free from faults. The dip of tlu‘ strata is about 50^* to the S.W. 
The principal mmiu woiked is from 22 to 26 in. thick, and assays: 
Water, 2*29; Vol. matter, 41*51 ; I'ixedt'arbon, 46*52; Ash, 9*68. 
A. Mort, the man.igei, in an interesting description of these 
collieries [77], gives the folk wing analysis of the coal: 


Cwbon 

Hydrogen 

Sulphur 

Oxygci; 

Nitrogen 

Moisture 

Ash . 


I 

S' 2 1 I I'.Uooiic value. ^,528 calorics. 

j-oS 

ImxcU (.irbon and volatile hydro- 

i-S7 ! i.ubon are approximately equal 

2'iH) ' in amount. 

s : 

mo 00 


About ’0.000 of btupu'iU", per year .are made from coal-dust. 


Sharigh [No. 7 on Map]. Near the station of this name, 8 
\inilcs east by south of Khost. old workings on 2 seams with. 
x6J in. and 21 in. of coal were reopened in 1910, and in the 
same year a ji-inch seam was opened up at Hamai, 23 miles . 
' by south of Khost. Coal also occurs, and is worked on st • 
' sthall^ scale at Digari in the Zharakhu valley, Mach, and tte-; 
Sor Range [No. 9 on Map]. In 191 3, coal was being won . 
"i thiu seam a few miles from yuetta [No. 8 on Map] for u^ 
W town. The writer at that time e.xamined an outcrop in 



m>th 

imies m.E. of Hindu Bagh, in 

: ^Say. The coal is in very disturbed strata, in which nttmiim*T 
Sticj limestone occurs, and appeared valueless on account of its 
shattered condition. The. output from Baluchistan (ineJuaive 
- of Kalat State) in 1918 was 43.1-5 

Bi v.Liid 

Dayjeeling [No, 10 on M.ij*', Hr- nMl^irpoMts of Darjeeling 
are of Damuda a^ic, and may jn(d>ably 1 “ t «'tri l.ih d with those , 
of the Aka and Daj^hla lull'' north of th.o ihalnnaputra oppo* * 
site Disai and Janji in .\^^am 74; 40 . 

Bose oxaminod a hi it of ('o.d-M« a^mos jJ miles long and 
I mile wide txdwrrn tlu- f i^u and Kcmtln n\us in the sub- 
Himalayan ranjjo .md "i 4 miK to 'in it s font Severe earth 
movements have enislud and ]»i\\(hnd tin- eoai, and altered 
it, in places, appioximaulv to .uitlnai rtf "i ipaphito, but, in 
general, the cauil i* tain'< it-' laking (h.iiaMt i. All the rocks 
are usually tilltd at an aneh- of Iroin js to marly vertical. 
Thick seams art nmneiou^, and Ih^tM aim.itMl that 5i million 
tons of coal could In H .idilv \\on witlan an ai« a <»{ loo acres, 
and that in the >tpiare mile »,*x.imira d tlu i< mii ht be 20 million 
.tons. Ash vari* -j from 15 to 22 per ciit., and a comparison 
with Raniganj rc.il u as follows 

\..l I'C. AlS, 

Darj®<^lt’'g. avfjragf "f simj-No . 'O I7'4* 

Banigan). average of it satuitfs . V'm 16*17 

The powdered charact* r of the rr^l limits its application 
l0 the making of c»)ke. carbt'ui/ed ("al.' or biiipiettes. 

Jainti, Sahajori, Kundit KuKiuth 51 ']> 2471 rhf-.se three 
small and unimportant coahfjelds lie lOn miles N.W. of Cal- 
^Cutta, near the Giridih field, ami coinpiiso iil s<p miles occu- 
pied 1 >y Barakar rocks. Ihe seams an- h-w. and none exceeds 
•’5 ft. in thickness. Samples from Sahajori contained from 2 $ 

*^ 37 

(Karharbari) ;No. n f>n Map,. -This small, but 
^ Valuable coal-field lies 175 miles N.W . ol Calcutta. The coal^ 

' V > ^ kind of carboniicd coal from slack w used by natives m their huti Oil 
coal-field. 



^ ; ftlimSH SOtmCES OF 

beat^ Barakar\)eds occupy 7 sq. miles, are lUuc^ - 

are subject to igneous intrusions which have de3l4t>yed 
Ccial[ 84 /p. 86 ][ 5 i]. . . : 

In descending order there are (i) Hill seams, (2) Karharbftti 
seams, and in both gn)ups numerous seams occur. The Hill 
seams individually have a great thickness, and aggregate from 
33 to 96 ft., Init tlif ash varies from 13 to 55 per cent. The two 
lowest scams have been extensiv(‘ly mined. In the Karhar* 
ban group the so called “ Lower ” seam is the most important. 
It exists over tin* wlioh* area, i.^ uniformly of good quality, and 
has seldom hss than 12 ft. and on averagti 15 ft. of excellent 
coal-' described by Sai'>«‘ in i*S()4 as the finest steam coal in 
India. In this respt-ct some of the fin<T coals now developed 
in the Raniganj and Jheriia basins are certainly equal to it. 

It assays : Vol. matt«-r. 2.p.}2 . Fixed ('., f)()'84 ; Ash, 9*15. 
The averagt^ caloiitie v.thu* is about ti.Syj calories [42/p. 393]. 

The available coal in the tii hl was estimated by Saise as 113 
million tons, riie output in iqiS was 5,302.295 tons. 


Hihut {Old Orissa 

Takhir [No, 12 on Map]. Tlu' Talehir coal-field lies in the 
valley of tlu; Hralunini, a river north of, and parallel with the 
Mahanadi. It is 220 miles W.S.W. of Calcutta and no miks 
due west of the mouth of the llralmiini. Tlie coal, on account 
]of an excessive amount of ash, is of little economic value (36) 

IVl 

Rajmahal Hills [No. 13 on Map].-— The centre of this locality 
is about lOo miles north by west of Calcutta. Barakar bed^' 

. are exposed in the west of the hills, and occupy an area of 70 
-miles [28], They also extend into the hills beneath the younger . 
[ sedimentary beds and trap-fl(nvs to a distance which must bq}: 
conjectural ; no instance was observed by Ball of the coal bdi^: 
'ia|fected by the overlying basaltic trap. The seams are thinjiHI.^^ 
Average of 5 ft. of workable coal being a probable maximtUtl^ 
4|ind in the exposed area contain a total of 2io million tons^f- 
.coal. Some 100,000 tons have probably been won from 
’jfistrict, much of it very inferior quality. Samples 



• Fixed Carbon, 4*‘i3 ; Vol. inart«’, " - 

'v^i 6*37- 


The coal-fields alwnt to In: dovribed. from Kaniganj to 
karanpura South, are situated in the Dammla valley, and 
occw in order from e.\M t^ ". ".t. Tti< -e and a few adjoining 
basins contain the Kieat km u-- of Indian loal. 

. ’ Raniganj Dy] i-No. M M ■!'. 1>"' 

field being worked in India and i- tie neoi .eljacent to t-ah 
cutta, from whicli it i- distant about 115 tude- in a direct north- 
west direction. The ai. of . ...d le .iiin;r lock" »f IViiakar and 
Raniganj horizon^ i" 400 -.i] nule,- ; , j' 44 ., and an extensive 
addition eastward iind. r tie (..ina. te .dIuMun, and the higher 
beds of the seiie^ i-. indu .it. d by i. nt boring. 1 he field is 
bounded on all "uh". . M.pt ih.' ..."tun. bv th.- imtamorphic 
basement rocks It l.i" "unk .m ib. ".mile in and south- 
western edge ah.iig .1 Ini. f.iuli . Hui th. niui"i.r.-s have in 
general a tilt to til.- "outli ..I .mgl. ...f (l'•nl 5 loao . . umcrous 
faultsand.lyk.-s.'.r. in. twitb in ih. woiking- li.i.' an.l Ihorc.and 
small areas of .-od lui. b..u .k -ti..\-.l bv ign..ui" inlrustons.- 
Ball and Sinii.-..n -tin that tbe .■■..! .1. t, ii.a.ib.sm passing 
from west to ..ad. ,m.! that a gui. r.d ml.- no/zs -i/ass coal 
Mdsts east of a f.inU iniuiing b. iw. n K.inig.inj and 

In the upper or Kaidg.iii) li..ri/<m 10 - nns. wdl' an aggregate 
thickness of iioft.luu- b..n«..ik.d . ami in the Barakar 

horizon four seamswiih a b.t il..f n.,ft . wliil. many other scams 
are known to occur Mithm th.’ le kl .\" uimng an 
thickness of 50 fb of aorA.,'./. cal. th.- b.tal .luant. y 0 
WOJlld be over 2 i,o..o .nilli..n t-.H". "I i''i". 500 nnlliou toM 
mfirsUlass coal, .;y) milli-'n an- uu^tium finality coal, the 

Wlance being urond-cltf^'^ to^l. 

.'S^ [83] gives the ff Glossing .ununan/f d riiialyscs . 

|UPP« V, 4;-=" >;;I3 7 

^ ■ ; ; iil li-v : 

h pmtabk that the n.o»tu« is a High u SOa- 
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As Saise points out, there is a progressive deh)^li<^ 
the seams deepen in the series.* 

The coal is bituminous, but only of good coking quality 
In certain seams. Mall and Simpson state that the best cc^ 
is in the lower seams of the Raniganj series, although thw' 
quotation of published by F. C. Hughes [52] indicates a 
higher caloiific value in coal fnmi the Barakar series. 

Jherria [No. 15 on Map]. Jheriia coal-field, 16 miles west 
of Raniganj, ranks in importance second only to Raniganj, 
while in production it now ranks first. It occupies a basin 
semi-circular in shape, aiul li.is an area of 150 sq. miles. The 
strata in general dip at ab<nit 10 fioin all sides towards the 
centre of the basin, l)iit inou* steeply on the southern margin, 
where, as in Kanigaii), but to a less dei)th. tlie measures have 
been let down by taiiltmg into the inetamurpliic rocks, and 
preserved fiom complete denudation. 

Unlike Ranig.inj, llie Iowct or Barakar series of Jherria field 
contains the best and thickest siains, and Ward [90], who re- 
surveyed the fu'ld, gives a total of 17 seams e.xcceding 5 ft. in 
thickness in this group. Anotiu'r seam, No. 18, was discovered 
by Stonier iu i()02, aiul sevc'r d mure have since been discovered. 
In the upper, or R.inig.iiij seiios, two workable seams are said 
to occur near the bast'. A rect'nt description of the field has 
been given by (i. II. (irt eiuvell [44). Numerous igneous dykes 
have destroyed laigi' ([uantities of coal, and from their effect 
at unproved depths an estimate of the coal reserves must be 
conjectural. 

Difficulty in mining and serious loss of coal have been 
experienced through the great thickness and the liability io 
spontaneous combustion of some of the best seams ; for, 
instance, i seam is 100 ft. thick. It is inclined at 45®, and 
sections of it are being worked. It is evident that method^ 
of working used in thin seams require modification in seamij^, 
such mammoth dimensions, and it is gratifying that san^^ 
Ailing or " flushing ” of tlie goaf is now in operation at one 
two collieries in this field. 

The average composition of the coal varies greatly^ jSiut 

* It may also be noted that variations in the ash contents afiect 
amount of fixed carbon, and not the volatile matter.— J. H. R» , 



"f IKIiU '• ^ 

)!<)$* iz, 1$ and 17 (Barakar series) given ty Ward fe : 

; VA 29^14 ; Fixed Carbon, 59-30 . Ash, 11*56. Hofladd . 
{CvW ^5 average a^h percentage of these seamsk^ 

Moi^nre is about r per erni. Nine samples of coke gave 0*66* 
per cent, of sulphur ami 017 pel cent, of phc^plionis. The 
better coals of the jlu ina li'-M have an evapiuative jKiwer of 
nix)ut 12*5 i42/p. 5tjj\ riu (Hitpui in amounted to 
10,951,060 tons. 

The coal re.s<Tve^ of jlu ina haw IwN ii «vtimaie<l at : First- 
cUtSS cod\ 5CK) nnliiun t<'n^. an.i */./w .11 ,(>00 million tons* 

Bokaro Jiicniii 5 ; No lo .-n Map Ihis hehl. which is 
now found to he a « oiitiinMti-'n of ilir jlKiii.t luKl. stretches 
westward about \n imU and h.isan .i\. lae.- width of 5} miles 
and an area of .:-’o sq. null ( ...d aiii' an* vnv numerous, 
but of workable thi-dviu-^" ^nlv m tin- llaiaKar suits, which, in 
the eastern ten inile->of tlu luld ha^ t.il tlm k stamsof good 
quality. One in pans ulai tli« hovt -t. i- ss ft tinck, and has 
a moderate dip IdM wh' tr. tin- hub an imu li faulted and 
generally steeplv im hmil, whilr, thioue.hom the held, igneous 
intrusions have dr^tio\«d mn- h ctal. lj<< southern boundary 
fault of the pneidin:; li< Mn 1^ uIm, ne'o o^ It s*, in evidence 
here. The probahio kmI n-u v< ^ of tie lit Id an- i.5tK) million 
tons. Active mining; 1- now hun^^ (amei out, < liielly by the 
East Indian and Ih'ncal Xagjmi K.ulw t\s, .uid the produc- 
tion in 1918 was 341,077 h'lic' t<»n-> 30’ 

Rani^arh [29J 'No. i<» t>n .Maj> . lias hold lies on the 
.Damuda river some 5 miles s<«nth t-f P.okaro. anti has an area 
',ol40sq. miles. In tliot.o^iern poition tin s,-.ii ns are generally 
thick, but of variabl<‘ (pjaliiy , to tlif w« ->t th*- (oal is better, 
btlt crushed, and tho strata aro fanltod. Ball [34], on the 
flcanty data available, Cbtunatt d 5 nulhon tons as a safe figure 
the coal reserves. 

, I ] Jiaranpura [No. lO on Map . This is tin* most westerly of 
c^'helds, beginning with Raniganj. which strctcii from 
west in the Dammla valley ;54;p. 285: [35/p. 57], It 

.''I ti ft notic«ab 1 c that the j>erccntag<* of fixed carbon plus a*h I9, with • 

' WC^tiem*, always clojw to the constant 78 5, 1 he percenUge ol votnUt* 
by the proportion of ash, a fact also paxticularly iiotiot-' 
of coal from the Karagaaj held — J. H. K. 





r,stwBCES ^CS^'-COA?, smS^T: «*■■:, 

' ' ' ■ , ‘ jf; 

7 to tbo west of Bok^ro and Ratngarb ^ V 

{^ divided by a strip of basement gneiss into North KaianpnnI . 
"and South Karanpura areas. Hughes computes in the northeth ‘ 
m 250 sq. miles, with 35 ft. of coal and a content of 8,750 
oillion tons, and in the southern area, say, 15 sq. mUes, with 
)0 ft. of coal, representing 75 million tons. The actual quantity 
d coal is probably nnu h great t r. 

A few occurrences only (»f igneous intrusion are observabk, , 
ind the fault common t<» the southern margin of the fields to 
the east, is here ahnt)^t tin; only oik- indicated. The better 
scams assay : Volatile, .>7*0, , Ash. 8-5 [35/p. 57]. 

Chopc I30] and llkun l55j 1 lu-se two small fields lie north 
of KaJanpuru, and contain coal oiilv fit for use in local brick and 
lime kilns. 

Aumifiii [31 J |Xo. 17 on Mapj. Six miles west of Kalanpura 
field; area, 58.5 sq. miles. Seams m tlie Harakar beds are, 
numerous and sometimes very thick, but only three merit 
attention. The <{uality of tin' coal is inferior, as indicated in 
the following analx.sis. .Moisture. (>7. Volatile, 29-2; F.C., 
36-5; Ash, 27-5 :3i;p. 111). 

Hutar [31] [.\(». ]; on .Mipl. Tliis field lies on the Koel 
, river, about 12 miles west of Amunga. Uarakar beds cover 
57 stp miles, and c»)nt.iin tlin-i' workable seams measuring 8 ft., 

8 ft., and 13 ft. 8 in., but the extent of these is unproved, and 
an estimate of quantity cannot be made. A composite assay 
of eight samples was ; Moisture, 5*95 , \'ol matter, 28*00 ; 
Fixed Carbon. 55-35 ; Ash. 10-70. 

Dalton^anj [(>4) [No. 18 on Map]. This field is situated oo 
the Koel and Amanat rivers from 16 to 20 miles north of the, 
Hutar field. Coal-bearing Baiakar beds are found over 36 sq. 
miles, and boring made by the Public Works Department in , 
1891 indicates the existence of two seams over most of this are^ . 
But these aiipear to be of economic value only over i sq. 

,tO the east of Rajhara, where it is estimated that there ma^ 
9,oqo,ooo tons of coal. The analyses usually quoted, b^|^/ 
fcom borehole samples made at that dale, are open to quesb|^jV 
and, since the average annual output from 1909 to 
8 q,ooo tons, it may be assumed that the coi is of a 




Cmird India 



Rewah ^iaU 

[No, 19 on Map] - This is the most northern ikti ] 
Coal was disco wred m ar Kota by Wroughton , 
6k 1S40, and wMs bt inR mined in 1^55 -7 when Roberts aiKi 
Sti^th reported on the field. Smith records a 6 ft. seam 6 
mfles S.W. of Kota, and a 21 ft. seam about iz miles furthef 
Wf|St. Oldham's party <urv« \rd ihr Kt wah tiisinct in 1895-4, \ 
but Griesbach's N<>trs on the work ^ive no further useful. / 
detail than that “ tlu re hero a larec ecMbfuld with aU 
abundant supply of t oal ' The Mir\eyed area of ( oabMeasures 
is said to Ik* 200 S(j. mih n . what area may he eoabbearing was 
evidently unknown. 

It is interesting to note that in the Takhir hoii^on striated 
polished bouldiT.s weu' observed in lip glacial beds, and 
tlut in the Damuda ineaMiies (',lu'^sop(itis attached to the ; 
irOOtStock Vrrfifintna wei** IouikI. ^ ' 

Sohagpur [No 20 on Map^ - 'llus I'k hi has an area of I,600 ' 
sq. miles, It is ( har.e o u/.ed bv tiu’ gn at lataal extent of 
fhe coabseams, th(‘ir nearly bori/.ontal position at a shallow, 
depth, their small numbt-r and modei.itr thkkmsi., A detailed-' 
account of tlic field by liugla > p 177; was published in, 


.1^5. The most important seam is dtsnilxd as about 5 ft», ^ 
ythick^ and was traced frcun near Ihugaon for 10 miles jUong its ' 
'outcrop. Reader, in ifioo. b und it ranging from 4 ft. 8 in, 
ltd J3i ft. thick between Ikigrha sticnn and tbe Son rivet, 
jSnnina of m(xierat(‘ thi<.kn(>s and hot (pi-ditv are exposed at 


^N^^dnah, Bhalmuri and Salx^. Avs.iage analysis: Water^ 
Vol. matter, 26-0, F.T.. 58 Ash, 12-3. No estimate of 
ivj^iecoal reserves has been madt*. ; 

jtniles westward from tbe most westeily p>int of this field,'/ 
gm^beating Barakar ro{ ks arc again expos^id in the Johiljin. 
Srj miles W.N.W, from the sjime point is Umaria 

field 4 miles to the north. To jndge from HughW^I^ 
are extensions and the western limits of Sohajgl^ • 
from the latter by intervening country covtied r 
^^^W-'i«oent measures. But Hughes does not expresi$. 



oi^ion oA this point, MetaniorphiMh jf^saJSdtsi^^^j^l^’i 

sioiis of trap to rock, indistinguishable in h^tid 

ordinary granite, was observed west of the town ' 

Johilla [56].— Area, iij sq. miles ; two seams, r^pectiy^y 
17 ft. and 6 ft. Analysis: Vol. matter, 34*85 ; F.C., 54*43; Ail, 
1072. Hughes hazards the estimate that within ^ depth of 
500 ft. there arc at least 100 million tons of coal. The mining 
rights are undtT the direction of the Rewah Durbar [ 3 $lp* 7 S\, 

Umaria [No. 21 on Mapl.— Area of exposed Coal-Measures, 
6 sq. miles ; .six seams, four being worked ; thickness from 3 ft. 
to 12 ft. [35/p. 76]. Coal, non-coking ; analysis: Moisture, 5*46 ; 
Vol. matter, i()7r , F.C., 6671. Ash, 8-12 (Hughes). Coal 
reserves to 500 ft. d('(‘p. 55 million tons. Since 1900 the 
working of tla* coal -held has been under the direction of the 
Rewah Durbar, In i()i 8 the output of the State was 199,975 
tons [35/p. 78]. 

Korar [56] [No. 21 on Map].- Situation, 4 miles north of 
Umaria field, of which it is ])robably a continuation ; area, 
9J sq, miles ; four seams proved at a shallow depth, varying in 
thickness from 4 to 8 ft. No reliable analysis is available, and 
the possible quantity of coal cannot be estimated. 

Central Provinces 

Extending south-westerly from the western end of the 
Raniganj-llntar line of coal-fields there are Ramkola-Tatapani, 
Bisrampiir, Jhilmilli, Lakhanpur, Kampur (Sarguja), and 
Korba coal-fields. The coal occurs in Barakar beds. 

Sarguja State 

Ramkola-Tatapani [47] [No. 22 on Map].— Area is 100 s<J* 
miles, with probable considerable extension under upper Goi^^^ 
;wana rocks. The measures are much faulted and intTud^ 
vWith ttvip as sheets and dykes. There are several seamSj 
■|pW of economic thickness or quality. The best, on the 
tiya*, pan be traced for more than a mile, and varies 
i 3 ft^. 6 in. to 7 ft. 9 in. The quantity and quality of t^^^ 

; j^eherally are unproved, and the isolation of the field Dfeiisiilalfil 
«iirlv develoDinent. 
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:jj|ig|^ fe^ ;at^ diUcult of access; ai«a, 400 iq* ^Vsk^Ji'- 
Hie mostly horisontal and free from faults. The scaJUfi :: 
immemus, but thin, so far as known, and boring is necei- ^ 
l&f. Analyses given by Ball are : p‘; 


Scaaii. Mia-t'OJf. VtJ4tllf. F.C. Mill 

Pa*ang ri\vr< <'i 57*o 5*4 

. msbim and Umah n^cn . U i'! 3 * i 

’ . Jhilmilli >tdti 

Jhilmilli [56/p. 69 Nn. Z2 on M.ijo l ies duo west of Bis* 
rampur field; aroa, .ji -Nij. nulo'i. Balls iiis( nption, quoted 
byHughes.is bviM tl on a Imnit d examination, and only indicates 
ti^ existence of ('oal. A thin seam is said to occur In the 
Takhir beds [55 p. 

S^triiuiii and Hilui^pa/ 

Lakhampur ’,5 p. N^o 2^ on Map), h south of Bis* 
rampur, partly in Sait;u)a an<l jurtlv in (blaspur ; area, accord- 
ing to Ula Hira I.al 7<’ , is j.jo h(\. inil.-s foal from several 
outcrops from 3 to 0 B thick, contains iioin 5 to 28 per cent, 
'of ash, and is lum-cokinc. A tvpical sample had 13 per cent. , 

ash. . 

(Sarguja) iXo. 23 on Ma]ft lacs south of Lakluui- 
pur; estimated area, 70 s(j. mihs. Bali described the field^ 
"'1111882 [33]. and Lala Hira Lai 71' l.iter mentioned numerous. 

I' bpt^P^ *2 to 7 ft. thick. The ash content is from 12 tO 
^^5'per cent., but that of i seam of 5 ft , a mih- east of Bhahue, 
'■is reported as less than per rent. 

;The following small coal-lieMs adjoining the foregoing have.... 
described by Lala Hira Lai in -MS n ports 1885-^, but, 
i^gl^pparently of little value. They are Bansar, Panchbhaini^ ^ 
Damhamunda. 

■/ Chattisgarh Division ^ 

[Ko. 24 on Map].— In Chattisgarh Division, south 

K field ; area about 300 sq. miles [68/p. 95]. A te^v 
[fieic, near Korba, was described by Blanford 



7 per cent, of ash, on Aharan river, near Sumedha. 
kar coal-bearing beds, either exposed or covered by yoti^6)r 
rocks, extend in this division to the south-east throng^ jfte 
Mand river and Rampur (Ball's Raigarh-Hingir field) fi 4 ^ 4 b 
the Ib river, a total distance of loo miles. Mand river coal^ia 
very inferior. 

Rampur (Raigarli-IIingir) [No. 24 on Map]. — This Md. 
lies partly in Bihar and Orissa, and has an area of 300 or 400 sq, 
‘iniles. Boring, conducted by King [62] between 1884 and 
t886, proved numerous seams, with jo per cent, or more of ash. 
Subsequent boring, advised by Reader [81] in 1900, disclosed 
workable coal, and mining was begun in 1909. The ootpnt 
in 1918 is given as 51,036 tons. 


by King in 1886 showed this se^ to 
did not disclose any large quantity of good coal 
King states that Hira Lai found one seam, 5 ft. 3 in, 





Korea State 


Lying between Jhilmilli on the cast and Sohagpur on the 
west, this hilly and rather inaccessible state has been partially 
examined by Huglics l56/p. 202] and l)y Fermor [43]. It 
possesses four separate coal areas, viz. Seiihat, Jhagrakhand^ 
Kurasia and Koreagarh. 

Sanhat (No. 25 on Map]. This is the most northern and the 
largest field, 50 miles long from east to west and 8 to 12 nules 
wide, comprising 330 sq. miles. It is traversed by the head^ 
waters of the Hasdo (Hebtho) river. Two seams of value 
occur, with an average dip of 10® to 12° to the north. The 
Ipwer is valueless in its western half, but from 4 to 9 ft« th^/ 
-' over a length of 16 miles in its eastern portion, and has thd^; 
, following variable composition : Moisture, 3-18 to 8*20; 

V 26*90 to 29-50 ; F.C., 37‘6 o to 50*46 ; /\sh, 15*38 to 32*^'T 
V , The upper seam is of value only tow^ards the west, 
from 3 ft. 0 in. to 9 ft. 9 in. in thickness. It assays ; 

: to 5*71 ; Volatile, 21*06 to 26*33 ; F.C., 36*82 to < 

; ;Ash, 22*98 to 36*()8. 

it Kurasia [No. 25 on Map].— This field lies 5 miles 
-^^Sliuhat field ; its area is 48 sq. miles, and is dividdi 




iChlir^' porti^ 1 # ttnifMcin^, 
ivm 1 ^ of which the third, in descehdingin^ 
iii^ ft mm from i ft. to 8 } ft. thick, and possibly 
i |t‘ over 4 sq. miles, ft as.say?: Moisture. 7 ’ 5 a to 10^4";^; 
VdftlUe, 30-12 to 31*32 ; 4t)*()<> to 40*88 ; Ash. 0*32 to 13^. 

‘^Tte fourth horizon at on«’ localuv lias a soam ilj ft. thtck; 
end the filth at anoth^T locality has a scam 8 ft. thick. The' 
quality is good . an«l furtlu r invi*>tii,’atioii is desirable. 

" In Chirmiri ar«*a, *'cvcn srani'.. a.e^iit '/> ft, of coal in ft 
total thickness of 48 ft., an- found at Kar.ii Khoh waterfaih 
The two lowest scams an* each 12 ft. thick, .ind aic sepaiftt^ 
by X ft. of shale. Tiic mean (om|K)sition is Moisture, 7 * 7 , i 
Volatile, 29*1 , F.C.. 51*2 . Ash. 12*0. llu coal thins out rapkUy , 
in all directions, but pos<>ibly from i to 2 sq. miles may carry 
coat at least 10 ft. thkk, yn lding about 11 million tons pe^ ' 
square mile. 

Jhakra-khand [No. 25 «/n Map',, ('o.tl 5 ft. thick, and of good 
quality, is said to occui li« n- ; 50 p. 108]. 

Koreagarh [No. 25 cn Map^. in Koica^aih. I'crmor report 
** three expijsurcs, vsilh tim kness^ s \arvini' from 3 to 5 ft., with 
intervening bands of >tunc." The dcscriptwui is obscure. 

SittpUXI 

i 

The Satpura basin bct,uns .about 60 miles W.S.W. of Jabalpur, 
find lies south of the Ncrbada river. It- estimated minimum 
urea is 2,000 sq. miles, but much of tin- s\jifacc is occupied by 
chdks more recent than the ( oal-Mcasuies, which are definitely 
l^yed only at intervals. The chief localities arc : Mobpaui, 
Wmpot (Bctul) and Chhindwara. 

i\iff.ohpaHi [No. 26 on Map]. • Situation, on (he north of the Sat^, 
ipmeft. Ml ranges ; area of c.xposcd (-oal-Mta.surcs (Barakai),i 
ij^WiTaq. mile, but south, cast and west these measures continue] 
younger rocks, and to the north beneath Nerbada flUtK 
IBa I and Simpst^n [35/P* 9^J refer t^i four seams rangu^gj 

J 5 ^to 25 ft. in thickness ; on th - other hand, La TotK^:, 
: mentions four seams ranging from 2j to lO ft., 

^ indf^t recent exploration proves ' ' an aggregate 
^ a considerable area." The estimated workimli^ 



' 'sjEftisH 'sc)TOces*''6f^ '^^,'"'^1^11 „ „„, .. 

coal is d njillion tons which further exploration' may 
aWy increase. Recent analyses give: Moisture^ 
matter, 24*26 ; F.C., 48*71 ; Ash, 24*01 ; Sulphur, 0*50. 

G.I.P. Railway exploits the field, and in 1918 
78,792 tons. ‘ 

Shapur [No. 27 on Map].— Situation, 60 mUes S.W. of 
pani, on the Tawa liver, between J 5 etul and Hoshangabad; 
of exposed Ihirakar measures, 2b sq, miles. H. B. MedHcott 
in 1875 [76] reeord(‘(l a numlxT of fairly promising outcrops, but 
subsequent boring failed to prove any coal of value [35/p. 93]. 

Chhindwnm (Pencil Valley) [No. 27 on Map]. — This field 
occurs as a narrow belt lying east and west on the south of 
Satpura range o\\ the Tawa, Kanhan and Pencil rivers, and 
covers 100 .sq. milts, E. J. Jones [bo] recognized five distinct 
coal areas ; 

1. Sirgora : area, i .sq. mile ; one seam proved, 5 ft. thick, 
assaying : Moistme and Vol. matter, 28-0 ; E.C., 6i*6; Ash, 10*4. 

2. Barkoi (Peneh Valley) ; area, 7*4 st], miles ; three workable 
seams, 7I ft., 5 ft., and 5 ft. ; estimated available coal, loo 
million tons ; eomjiosition : Water and Vol. matter, 22*8 ; 
F-C.. 53-5 ; A-li. .!,!•(■> [,i5/p. cjs]. 

3. Hingladcii : area, .i-S stp miles; one scam from 2 to 
5 ft. thick, exposed anti said to be of good quality. 

4. Kiinhan ; area. 12 sq. miles ; several seams, from 5 to loft. 
thick, exjKised ; one at Datha assayed : Water, 5*34 ; Vcd. , 
matter, aS-^b ; 1 \C., 48*58 . Ash. 17*72, but other samples' 
gave up to 46 per cent, of ash. 

5. Tau'ii ; area. 70 sq. miles, partly in the Betul district 
outcrops are few, but a seam of 7 ft. and another of ii ft ocettf >; 
two samples assayed : \\ atcr, 3*05 ; Vol. matter, 26*20 ; 

51*90 ; Ash, 18*85. ^ 

The output from the Pencil Valiev in 1918 was 267,303 tofis; 
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5 * J 5 &^^ 28 on Map].— Situation* 50 miles $. by E. 

and 30 miles N.E. of Warora; area of coal-beftti^ 
rocks, 6 sq . miles. I'liree >eams occur with a maximimi: 
thickness of 58ft. (Ball and MinpM.n, p. (h)). Boring proved \ 
0^aggregate lhicknc^s of i; fi. over i s(p mile [()8/p. 96). ,; 
Quality is similar to that of Waiora. 

Warora [No. -?<) on M.qo ^un.uion in Wardha valley, 62 
ttdles south of Nagpur : ait.i. ; '■q inih s witii jn niillion tonsrf/ 
available coal [57]. thie u 11. and 4*n<- 15 ft "earn occur. Th® 
coal is friable and inf< nni it> tluii ol Kamganj. containing an, 
excess of moisture an«l >ulphur. fnnn spontaneous 

combustion arc said to liavr < auM<l the In-,'; t)f 70 per cent, 
of the coal [41^. and }>umping ( Inogt s \N‘ le heavy. A scriouS 
subsidence in ioo(> linally h‘d t<> th«' (dosinj; <»f the collieries and > 
a transference of <ip« rations to Ihillarpur p. o^]* About' 

3 million ton.s of eoal in all have ]»« t n junduted i wo analyse!; 
gave: Moisture. 117J. V(»l , io*.; ; F.f ., 4J*^o ; Sulphur^ . 
1*55: Ash, iq f'o. 


Ghu^f$ [No. J() on Map;.--S. t>f Waior.i ; area. 3 sq. miles; 
seam, 32 ft. thick, dq>th to tup 74 it.; ruinposition : Vol/ 
matter, 33*40, I d' - 45'^'t : .\sh, jo </o, l.siiinaied available 
coal, 90 million tons :57 p. ih A little M.al was won herein 
,the early seventies. 

— N.W. (ihugus ; area of prohablv productive coal:; 
lands, according to Ball and Simj)s(,n 35, p. j> Ho sq. miles, 
containing 2,100 nulhon tons ; fpiantitv jnoved between Wun 
Papur, 105 million tons; coal lhn.km-.ss, 15 ft. AhO ; 
yj^bantity proved bctwccm Junara and tliifholi. 150 million;^ 
coal thicknes.-,, 30 ft. CompoMtion \'ol. matter, 19*4;/ 


Jfjs.. 63-9 : Asti. 167. 

'"^ 0 aUarpur-—^ miles S.S.K. of (diandlia ; chiefly on the 
ij^ldi^bad side of the Wardha river ; arc a proved by b<mng;< 
miles ; thickness of workable coal, 20 ft. On stopp^ . 
,it#wwa (sec above) a colliery was started ; production 
1 ^^^ 86,261 tons. Composition . Water, 12 30 ; Vol. ’ 

45^34 : Ash. 11*27 (La Touche) [68/p. 96^. 



coAt 

Rajputana 

- Bikaner [No. 30 on Map].-~The only known co^ of 
; puiana is of lower Tertiary age (Eocene), and was discover^ 4 
, during the sinking of a well, 13 miles S.W. of Palana [68/p. 

^ It Ues immediately bc'neath numimilitic limestone at a dep£h 
2X2 ft., is persL'^tent over a coiL'^iderable area, and varies in 
^thickness from > to 30 ft. Tlu' coal is a resinous, woody lignite ■ 
' of a brown-bl.ick colour, and is li.ible to rapid disintegration and 
spontaneous coml)ti'>tion. rie.* moisture can be reduced by a 
special proct ss of bfujurtting dcM iibed by W. H. Phillips [80], 
as indicated by the following analyses : 



K tw Cml. 

Uriquelte No. i. 

BriqafttU No. ». 

Mointuro 


I4H4 

9-3* 

Volatile 

. ivV’ 

40-04 

44-36 

F.C. 

l-s 10 


3^80 

Ash 

. us 

5-71 

7-53 


; The apparent alteration in the ratio of volatile matter to 
. fixed carbon U notice.ibic. Fnither intrresting notes on the 
subject of bi’itjuetting aie given by \i. H. Koi)ertson [82], and 
reference to the tie.itment of lignite is made under " Canada/' 

p. 103. 

The output deelined fnun 45,078 tons in 1904 to 11,334 ^ 
As tile nuMsures are overlaid by a sandy plain the coal 
reserves can be determined only by boring. 


, Punjab 

The coal dep(»sits of this province are unfortunately few* and 
’to between, of scant devolopment, and of generally poor 

S uality. The need of coal in the arid and treeless districts 
here they are found, alone gives them the little importance 
^;ltey possess. The coal of economic value is chiefly of Ter^^ 
c (Eocene, Laki division) ; a little Jurassic Coal is 

occurs in the following localities ; • - •; \S 

li jheltm (Salt Kange) [No. 31 on Map].— At Bhagan^^ 
r 0J93. fhe eastern end of the range, a colliery worked 
\Nprth- Western (Railway Co., produced 13,145 
^ ZD99-X900, owing to the inferior quality of the coal, op 
discontinued ; at Dandot [35/p. no], 19 



RdB'[68/p; inl,'3-a>ae« i^- 
coW^y worked mines' from 1884 to 191^* 
l^s^^iledu^ed from 92,000 tons in 1897 to 30,000 tons in 1911^. ^ 
^'^twsal.^cmtractors in 1916 produced 44,944 tons. The coal ii 
4 friatfle, much- jointed lignite. 

'^Mpur {Salt Range) [No. ;,t on Map]. -Jhakar K<^ 
\\(^Te, as in Jhelum, occurs in shales and^ 
Saludstones, beneath numinulitic (Koccnt*) limestone, as lentl^; 
eular beds separated laterally by \vidi‘ intervals of barren: 
ground. Tlic average thickiu ■^s of seam is about 3 ft. 

[No. 32 on Mapy Isa Khal, west of the Indus* 
Simpson [86] surveyed this held in 190*1. and described three 
ai^as : 

(«) Kalahagh : Jurassic measures, with 3 seams possibly 
containing 80,000 tons. 

(b) Kuch : Jurassic measures, containing about 14,000 tons 
in two seams, too thin to b<* profitably voiked. 

(c) Malta KIki : Tertiary measures, along tin* .Maid an range,, 
containing possibly 500,000 tons above fre»* tlrainagc level. 

The coal production of the Punjab in I<)i8 was 50,658 tons, 
of which the bulk was from the Jliehim area, 

North-West Frontier Province [b8/p. 107] 

Indications of coal occur in Hazara (Dorc River), also near 
Kohat, in the Sherani Hills, and in Wa/aristan, but no coal of 
4iralue has been found. 

■ Kashmir 

The Jammu coal-hclds [No. 33 on Map,, in the south pf 
I jK 4 ahmir, lie within 35 miles of the Punjab frontier. They are 
■^ol" Te^ury age, and were examined in 1904 by Simpson [87], 
14s described the areas known as the Ladda, Sangar Marg, 
Siro Valley, Kalakot and Lodhra coal-fields, 
these ’fields, Mchowgala, Kalakot and Lodhra are valttO- 
^ Valley has coal of fair quality in two seams fro^ 
ft. thick, lying at an easy angle, containing possibly 
^ tons. Ladda and Sangar Marg arc portions of the 
^ted by the Chenab river, but, according to Simpwu^ 



only workable parSk is in Ladda, between 
Anji river, a length of lo miles. Here the single seam, vWjriipf ! 
hi thkkness from nothing to 20 ft., and averaging 31 
may contain i J million tons, with a possible addition of ab^ 
a million tons. - / .f 

Analyses of Ladda roal. with a few exceptions, show 
abnormal percentage of a^h. and frequently over 5 per 
of sulphur. On areount of theM‘ features Simpson suggests 
that washing and bu(|uetting the coal would be necessary. ^ 


Ilydcrahad 

Pninliihi -Codavivi Vullcy [6i] 


Ball and SimpM)!! (j.sj and l.a Touche [68/p. 103] de- 
scribe elev('u .small detached co.il-bearing areas of Barakar 
rocks m thi^ jnovinct*. King’s memoir, though thirty-eight 
years old, best dociilh's the geological features of the district* 
Beginning at Ilallarpur <»f the W.irdha River held and going 
southward we lind the following co.d areas : Sasti, Antargoan, 
Aksapur, landur, C'hinm, Kam.iram, Bandalla, Singareni, 
Kimnegiri, Lmgalla ami Madavaiani. 

(a) Siisti (No. q on Mapj. -A continuation westward of 
>the Ballarpiir held of the Wardha Valley already referred to 
[ 35 /P' 9^]- 'd 50 ft., composed partly of good 

coal and proved o\i r an area of li sq. miles, may contain 
>30 million ton^. 


(6) /Inhicgoa;/ ;Xo. on Map], south of Lathi Ghat OH 
Wardha river, contains a heam, witli 5 ft. 3 in. of coal, whk^ 

, at the outcrop, ha^ 20 per cent, of ash and 8*7 of moisture. V 
{c) Aksapur [No. 34 on Map], a small exposure of Bandog 
rocks on the Jangaon river, in w’hich coal has not 


; found [6i/p. 180J. 

^ Tmidur iNo. 34 on Map].— A seam, 15 ft. thick at 
'jjfiuH, but of varying thickness down to 9 ft., was tntced^j 
eHiigbes for 7 miles to the (iuloti river. Analysis : Vol/ma^)^ 
F.C., 45*6; Ash, 12-2 (Water. 9-4). 

{e) Ckinw [No, 34 on Map] consists of a narrow b^t 
kat beds,, without visible outcrops of coal, between \ 



stream [58]. 

, :(f) Katnaram [No. 35 on Map], an area of 156 acres, with 
6 ft* and a 9 ft. seam of good coal, estimated to contain 130,000^; ! 

tons. 

f .fe) BandaUa (Allapalli) Xo. 35 on Map]. On tlie Kumeiv 
aani river, an outcrop of coal. () ft. thick, is u h'rrod to by King^ 
and Blanford, in 1871, noted fiaf^mcnts of coal 22 miles furthet : 
down the river at Allap.dli, prohahly derived from an outcrop 
of the seam. - 

(h) Sitigareni [No. 3/) on Mapl.-'-Fonr Mams in descending 
order, measuring. res]H('tivclv, ,;<> to 30 ft., (if ft., 4J ft., and 
3I to 7 ft., were proved by bonng. riie thick seam consists 
of alternating bands of coal and hhale. an<l parts arc said to be x 
workable, but the fourth Mam. known as (he King seam, only 
has been worked. In the latter. ^aI^e esiinia(<-d a quantity of 
36 million tons [84/p. 53J J. P. Kirknp has described the 
colliery operations [63]. ] ^ 

The output in 1918 was bms. Analyses arc: 


M'htutf VoOulc it A«b. 

Thick seam ... — U .*■>(•¥> 12*00 

King's seam . . yU'i 5^‘-5« *0-65 


(t) Kunnegiri [No. 35 on Map]. - A small jtatch of Barakar 
rocks without visible coal. 

ij) Lingalla [No. 37 on Map].-- Blanford [39] records the 
, finding of a 5-ft. scam in the bed of the Godavari river, and tWO. 
thin seams in the banks. Boring here ;nid on the western side. 
^ river appear to have proved no coal of value, but in 
a scam, with 45 ft. of coal, is said tn have been struck at a 
V. dil^th of II ft. on the British side, and 70 tons of good coal were; 

rriii$ed. 


}ijk) M^davaram [No. 37 on Map].- A small field lying on 
rides of the Godavari below Bhadrachellam. On the 
stahad side boring disclosed 3 scams, of which one at ^47 
ft. thick, and another at 272 ft. was 6 ft. In 1897 % 
^ of fine quality was reported to be struck on t^ 

I ride, and to contain about 24 million tons of coal. 

«e supposed to be coal-bearing [35/p. 96]. 
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Madras 

Godavari Valley 

“ Kamthi rocks occur extensively in this valley, but the 
'lying Barakar beds, with coal outcrops, are found in the 
Presidency only at Beddadanol and Madavaram (or 
chefla). To what extent tlie ('oal -Measures may contmoef 
beneath the Kamthi strata is quite unknown. ' 

, ' Beddadanol [No. 37 on Map].- Four seams of coal and coaly 
shale passed throiigli in boring arc so high in ash as to be quite 
valueless. 

Madavaram. (See Hyderabad, p. ()5.) 


Burma 

Thin lenticular strings of poor coal, referred to the Carboni** 
(erous period, occur in the Tennasseriin valley ; with this excep- 
, tion, the coals of Burma are of Tertiary age. These Tertiary 
coals arc lignitic in character, more or less hydrous, and poor 
. . iU quality. With a few exceptions the seams are thin, and the 
quantity of available coal is small. These features limi^ its 
application strictly tt) local Ub(’.‘ References to the individual 
.occurrences arc made by Hall and Simpson [35] and La Touch© 
(67], who append a bibliography of the various reports on the 
fields. 


AFRICA 

^ Kenia, Tanganyika Ti'KRirouY and Somaliland (see p. 158)^ 
Nyas.\lani) J 

; . Ihe coal of Nyasaland, which was discovered during .,^©:; 
'course of a mineral survey carried out in co-operation witlt; 
the Imperial Institute, occurs in rocks of the Karroo 
I ^tiem distinguished by examples of Glossoptcris and other 
t^VhhaUcteristic of that formation [92]. These rocks are 

ill Hsipau State of Northmi Shan States, considerable 
^ coal occur. At a point 1 50 miles cast of Mandalay and 50 ttl b e l te y 

'Jini t^Cbinoee border a coal-seam, ft. thick without parthog. ie bdUgjOj^lp^ 
at Katoma by the Durma G>rporation. The seam dips at 45 * at ptimlm 
but gradually assumes a less angle as it is followed dbwil.. 

I Ifoiuare, i 4 ; VoL matter, 33 ; Fixed C.. 48 ; Ash, 5. - * 4 ?!^ 



cl"t^e"'tftriritory,' and in' ^e iwdkme ;$ou%iw,|; 
ll^^ft^pe SIdre n^ and the Portuguese Ixwder. ^ '/ Y/fj 
J|n ttortheni district the Mount Waller area has outcrop; 
jf a,^tt and a 5-ft. seam yielding excellent caking coa^ < 
|!|4tllyses made at the Imperial Institute showed : Vol. mat«i^ 
to 28*1 1 ; F.C., 56 92 to (>673; Mois,, i-oi to 
IlSh, S’IS to 17*98; S., 0*59 to 0 64 : Cal., 6,814 to 7,982^^.. 
It is sufficient to say at present that the coals of Nyasa** ; 
[and, with the exception of that of Mount Waller, are , 
imried in quality and gcmTally very high in ash, and that, 
the seams, so far as known, are few and comparatively 

thin [91]. 




The coal of Rhodesia oc( uis in the Karroo formation, chiefly 
la the basin of the Zambesi river, and to a snuill extent in. 
the valley of the Limpopo, near luli, and of the Sabi to the 
south-east of Vutoria. 

Very little exploratory work has yet been carried out, and- 
active mining has hiilu rto been confined to the Wankic coal-^ 
field at a point on the railway 212 miles north-west of Bulawayo 
and 68 miles soutli-east of V ictoria halls. 

But the needs of Ma''lional:ind mu')! before long be satisfied 
by the extension of tiic railway system to the north-west of 
Salisbury into tlie coal-bearing ground in that direction, 

/ The coal-seams worked at Wankie collieiy range from 6 to 
12^^, in thickness, tending to thicken towards the west, and it 
la Stated that 4 miles west of the colliery the seam was found 


:jo' be 28 ft. thick. To the north-west the ( oal-Mcasures are 
.,^bwn down by the N.E.-S.W. Deka fault to a depth esti- 
.'mated by G. W. Lamplugh to be not less than 2,000 ft., and are 
beneath the basalts over which the Zambesi plunges 
Victoria Falls. An analysis of Wankie coal is as ; 
Moisture, 0*71 ; Vol., 21*51 , F.C., 64*11 ; Ash, n*05; 
^ii^nr/ 2 ’ 62 . Evaporative power is about 13. 

B; Maufe [103A] estimates the coal reserves to be : 

Re»crvc .... about million too* 

R«ervo ,* „ 

‘totid .. 



. • : BRIttSH SOURCES OP 

S ' Union of South Africa ^ ^ ^ ^ 

- The coals of South Africa occur in the Karroo SyStens, wli^ 
comprises rocks that are regarded as ranging in age jfrTO 
Upper Carboniferous to Jurassic. The following sequent 
represents the complete deveh^prnent of the series and tjfe 
beds, but it is doubtful if they have been deposited iii their 
entirety in any one spot : . ' , 


Karroo Syslem 


8eri«. 

IV* l^. 

I'Dnikcri'.Iiuin Volcanic s 

1 Cave SaiuKloiu* 

Type I risslls. 

] 

FetlodL 

Stonnberg 

Ueinosaurs j 

Ueino.s.aur.s j 

■ Jurassic 


IMoIumu. Ur.h 

riiinnfeldia 

Rhatic* 

B^ufort 

[Upper (Huri^luTsdorp 
] Muldir 

1 [.ower 

C \ luu'ai.ahuH 

Triassic 

1 vstrosaurus \ 
Uareiasaurus 1 
Glossoptcris 1 

1 Upper Fermion 


1 Upper ^ I 

J Midcllo " Coal Measure's ” t 

Ecca 

plants 1 

1 

Ixiwer 

|l.<>\ver (l^oteimantzburg 

Permian 


1 Shales) 

Archaosiichus 1 



|”l’j)|H*r Sli.des 

Mesosaurus f 

1, Upper 

1 Carboniferous 

Dwyka 

] (ll.u t.d C oiKjluuieratc 
(la>\Nc-r Shall s 

GanKaniDpteris 

I'hyiiotheca 


* Some Kcoloj'ists uuIikIo Kli.Hu «n the Tn.i'-'ic , others in the Jurassic, 
t In Hrazil <Kiurs alntw (tlinsopUri':. 


There has been niiieli tli”er>ity of opinion in regard to the 
separation of the luca from the Dwyka Series, but the table 
may be taken as fairly n'proMiitiiig the result of most recent 
research. Then* arc admitted diHioiiltics in correlating the 
South Africa scries with those of Europe, and the measures 
dassifiod as Upper Carboniferous 2^6] and Permian 

share with their equivalents in Australia, India and South 
America, the uncertainty that has led to the use of the teriU 
'* Permo-Carboniferous " in reference to them. 

The Karroo formation is most fully developed in Cape 
Province, where the ma.ximum aggregate thickness is not 
than ig.iXM) ft. [102/p. ib;], including the volcanic beds. Thci^ 
rjaa continuous thinning out of the component formatio^(|jl| 
:;|MWSing northward and eastward from Cape Province andll^^^‘ 
^towards the central portions of the Transvaal, where 
'Witbank coal-field the average thickness, exdusive, 

.^glacial conglomerate [99/p. 22] is only about 200 
/flwdwtdy oast of Johannesburg even less. 



i' of the karr6o fcmation in Ae 
jp^lii^ esscaait^ to keep this point m mind [lot]. ' v 
feature of the system is the Dwyka or Cladal 
^K^i^Ometate, the product of a period of extreme cold. It 
tretehes over immense areas of South Africa, either as the 
lir^ce rock or overlaid by youni^vr inmibers of the system, 
WO<^thirds of Cape l^rovino*. largr j>ortu>ns of the Orange Free 
itate, the Transvaal and Natal, and a small portion oi 



^knttham Rhodesia being occupied by rocks of the Karroo 

iifFheonly workable coal of Cape Province is found in a clearly 
I position, that is, in the Moltcno betls of the Stormb^ 
i* iiUi’is referred to Rhaetic age. Thin and unworkaWo. 

BO occur in the Lower beds of the Beaufort Series. 
||e./)6als of the more northern regions in Natal, Zululand, 
peFree State and the Transvaal occupy a more debat- 
on. They have been variously referred to the Stoi^ 
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bei*. the Beaufort, the Ecca and the r)wyka' S^'-^,||f 
recent researches of Du Toit [94] and others ill 
formations from their points of fullest developm^t .in 
Province, northward through Natal, leave little doubt that - 1 ^,, 
belong to the Middle beds of the Ecca Series, iwith the exCOfM;^ , 
of certain occurrences of outlying districts where ' coal (rf 
Lower beds of the Beaufort Series is developed. 


Caf^c of (lood Hope 


The coal-s(‘anis are found in the Molteno-beds [No. i on. 
Map] of the Stoimberg district, about 130 miles N.N.W. from 
East London [102/p. 464] [gb]. Thice workable scams occur, ^ 
the lowest being the Imlwe scam, the second, about 80 ft. 
higher, the Calnf scam, and the third, 300 ft. above the Indwe- 
seam, the Molicno scam. The layers of coal in any seam 
seldom exceed 12 inches in thickness and alternate with bands 
of black shale. At Molteno, for instance, a 6 to 7-ft. seam has 
about 4 ft, of coal. The seams occur more or less as detatched 
areas, between wliich the coal merges into shale, or has been 
removed by contemporaneous erosion. R«)g('rs and Du Toit, 
and Scliwarz I103I adduce the presence of this shaly ad^ 
>mixture as evifh'iua' tlial tlie vegetable matter was transported 
from a distance, but whether eorrect or not, the inference'ls 
difficult to recfuieile witli the evidence of " drift " origin in the 
case of tlic singnlaily pure coal of the Buller coal-field in New. 
Zealand. 

Numerous intrusive dvkes and sheets of dolerite have fre^ 


quently produced a eoking effect on the coal. This and thC' 
'^high percentage of ash are sliown in tlie official analysis 
,by Rogers and Du Toit, as under : , 




^ . AFWa: ■ , 

i^pe Province coal, through absence o! 
jOlton, commanded, in 1917, i4/4*05<i. per ton at the jilt-’ 
\k^, aa against 4/9*32 for Transvaal coal It is interesting to 
lote that the output per pcrstm at work in the Trans^ 
nud coal-mine is 6*5 times that in the Cape Ih-ovincc mines, 
i fact chiefly, if not entirely, due to a difference in tlje physical 
londitionsof the seams, such as tliicknoivs, hardness and inter- 
nixture of shale or stone ban<l'^. 

Coal has been found in tlu- Prini*e Albert di>trict. A sample 
examined at the Imperial Instituti* eonsHted of a friable 
inthracite containinp; ; Mois., 2 05 ; Voh, 8*10 ; F.C., 88*56 ; 
Ash, 1*23 ; S., 0*33 ; Cal., 8.277 


Satal 

The chief coal-mining of Xalal has for many years centred 
in the Newcastle and Dundee di^tiicts . No. 2 on Map] of Klip 
River county, in the nortli- western corner of the colony, but in 
the last few years operations have extendetl eastward to the 
Vryheid district, and even to the coast. il coal-heid of Somkele, 
between St. Lucia Bay and the Umfolosi river. The Coal- 
Measures of these areas may be regarded as the southern and 
eastern extensions in more or less detached groups of the Coal- 
Measures occupying extensive areas in the south-eastern 
Transvaal and the north of the Orange l*r(‘e State. The 
Somkele field would ajipear to be the southern end of a narrow 
and remarkable belt of Coal-Measures, which dips eastward 
beneath the igneous rocks of the Lebombo Mountains, and 
stretches due north for a distance of 350 miles, through Swazi* 
‘Jimd and Komati Poort to the Shingwhlsi river in the north* 
je^tem Transvaal. It has been sliown that the Coal-Measures 
2 t^\ 4 and are traceable right up to the border of the Vryheid 
and that the relation of the Vryheid beds to the New- 
and Dundee series is simple [92/p, 54]. 

^ >1[ntru^ve sheets of igneous rcKk are characteristic of th^ 
^.[l^alllXoal-Measures, and have frequently induced an anthra* 
in the coal. But the coal mined is the best in South 
It is an excellent steam coal, and much of it 3^ielids ' 
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agtxad coke, but it is frequently high insdphur. The 
are atjalyses of typical coals : ' , 


Colliery, 

Moisture. 

Vol. 

matter. 

Fixed 

Carbon. 

Ash. 

Solpiutr. 

Dundee . 

. 

16-63 

70*53 

8-66 

4*18 

Navigation 

. 0-53 

1517 

71-59 

11*41 

1*30 


The coal of the Soinkelc field is distinctly anthracitic iioi 
character. 


Transvaal 


The coal-measuH's occupy extensive, though not altogether 
continuous, areas iu the south and south-east of the Transvaal 
[No. 3 on Map], (dal-inining has been chiefly carried on at 
Brakpan and Springs tm the h-ast Rand, Vereeniging on the 
Vaal river, and in the Witbank-Mifldelburg district ; but mines 
have also in reciait years been opened up on Grootvlci, souths 
cast of Heidi'lberg, and at Bn*yton in the Ermclo-Carolina 
district of tiu' ea^>tern Iransvaal. Of these, the Witbank, 
with tlie iuunediately-surrounding dOtiict, is at present the 
largest prodiuaT. 

Transvaal lli^h-vcld CoaT/iclds. ~ln the Witbank-Middel- 
burg coal-field the < oal-Measures are, at certain points, separ- 
ated from the uiulei lying Pwyka ('onglcineiate, with its uneven 
surface contour, l\v a considtaable thickness of shales, sand- 
stones, and redistiibuted conglomerate, while in the Brakpan 
and Vereeniging fields they lie almost on the Dwyka. 

Although the Coal Measures in this field varied greatly in 
thickness throngli the irregularity of the surface upon which 
they wore laid down, they w'ere appanntly continuous, but 
denudation ha^ i educed this thickness and even, in places, 
entirely removed the measures, till, in certain cases, isolated 
areas only remain. The following thicknesses of the coal- 
measures above the glacial conglomerate have been observed, 
j.ilere and at <ither parts of the country : ^ ; 


Witbank-MuIdollMirK. M.iximum 450 ft. . 
Iinkk{>an, iMist U.intl .... 
Springs. KHst .... 

East of Springs, fu Wilgo River . 
fViljocn’s Drift, Va.il River, Drange Free State 
Kotnati PcKJit, lx*bi.>mbo belt 
Swaziland, belt 


A locked featiure of Coal-Measures of the 


average 200 ft 




AmcA n 

iij 'to k certain degree of the whole Transvaal, is the rapid ! 
ariatipn in the thickness and character of all the constituent 
e^, particularly the lower beds, a condition due to tlie strong 
urrents, wliich laid down the generally C(Kirse-grained sedi- 
ments. It can, however, scarcely be doubted that intermittent 
edods of quiescence (Kvurred admit eiilu r of the growth 
« $iiu or of the drifting of vegi lahh* iiMiter to a thickness 
?hich, in the cast' of t)ie jo ft. *' Mam Seam," may have 
mounted to 250 ft. riiough the (oalM-ams share to a 
onsidorable exttnt in the vurial'ilnv of the measures, the 
SSUmption of long j^niods of (luu t and stahihtv and a jKirtial, 
f not entire, "growth lu ^il:t " ongin. is sn])j.(>iird by the per- 
istence of a U-incIi scam of Inight « n.d ov( 1 a ilistancc of 
i miles, and of an iSdneli layer of gas-to.il at the base of the 
'Main Seam ” over a still greatei distant'. 

But even in the i|ui(s(a nt penofls, inmisions of somewhat 
nuddy water must have oicmred with i on^iderable frequency 
)vcr the wide areas of a«’( uimilalmg v« gt table matte r. This is 
ividenced by tli<' laveis of muddy mailt i, c illu i as numerous 
ninutc films, or asoet asu.nai band- of shah' sevda! iiK'hcs thick 
Jiterlaminatcd with tiie otherwise jmu coal Mellor lq<)/p. 37], 
n his admirable momoii on theTransvaaH't.abMeasurcs, traces 
the high percentage of ash in Transvaal coal to this cause. 

The following seams, in descending oider. aie usually found 
In the Witbank area, exci pt wlu ie llie\' have been removed by 
denudation : 



Tiii(kn<r«. ^ 

Ml.it i 

Lh,trHClcr. 

Kb. 5 Seam 

. M ft. 


lornu-rly worked at 

3<. ll 

Lai.dati CoHicry. 

lifo, 4 Scam 


M, 

1 half impure; 

Idwi r half fair. 

K&, 3 Seam 

» 

v> .. 

l..\tt j>liunally bright. 

a (*' Main ’’) Scam 

. I') 

'the chief M'am. 

t Seam 


7 .• 

Trequent dirt bands. 


f Tnb« "Main Seam " is universally worked and in a typical 
86 ctio& consists from the bottom upwards of 15 in. of a sonac- 
Sfl^t'Caimel-like "gas-coal," 3I ft. of bright " smithy coal," 
of generally impure " holing-coal," often referred to 
r as a " splinty-coal," and 10 to 12 ft. of serai-bitu- 
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mmous coal composed of alternating layers of mcxK iQ^jess 
bright and dull coal, in which the broader dull bands teiid^4A 
certain areas, to become stony and render the upper part of 
seam unmarketable for general purposes. No. 4 seam is, fu 
its upper half, much intorlaminated with shale bands, but the 
lower half is of fair quality, and improves from east to west^ 
The Witbank coal maintains its quality for some distance 
along the 50 miles of railway connecting its south-westward 
with the Brakpan-Springs district of the East Rand, but an 
increase in the percentage of ash gradually supervenes, till at 
Brakpan the increase becomes pronounced. Otherwise, the 
general character of the coal persists. At Belfast, 50 miles 
east of Witbank, on the railway to Delagoa Bay, and almost on 
the edge of the " High Veld " plat(‘au, a 22-ft. seam of strong, 
hard, but somewhat inferior coal has been worked to some 
extent. This seam, 15 miles north of Belfast, is exposed with- 
out a sign of deterioration, and is quarried for use by the farmers. 
That a portion of the seam here was at one time on fire is 
apparent from the baked and clinkered shales overlying it. 
Coal of excellent quality oecius in the Hrmelo-Carolina district. 


2lwa/)'.st\s' of Trunsviial Coals fqy/p. 55] {High Veld) 


I'lxed 

C.irboii. 


Aah. Sulphur, 


^ WUhank Distru I : 

“ Main Sentn " .average over 


lOWCl li ft . , . 2'22 

T, and I),B. (\)llu jy " Main 
Seam ” avnage i-os 

JE^. Hand Disirut : 

Braltpan Colhery -fV) 

Apex Colliery . 

t Gt. Easlcni Colhery . j i.: 

Hiiiitbifg District t 
Grootvlci Colliery . . 5-3^ 

^ymmiging : 

^Central Colhery . 5 67 


.3-83 

57-19 

14-76 

0-53 

12’OJ 


(O-ftO 

M -83 

1-59 

11*14 

*’1-76 

5^-50 

2i50 

2-00 

9*30 

*M '47 


17-20 

1-37 

lOHao 

-•r94 

54-33 

10-27 

«-45 


21-92 

59-4^ 

12-34 

% 

6 


23-40 

50-94 

18-25 

1-94 



Lebmbo Belt [No. 4 on Map]. — It remains only to 
tafefly the long narrow belt of coal-measures already 
to on the “ Low Veld immediately west of the 
Range, and the equivalent “ High Veld ” formation 
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$iid£i|b6k Flats, near Pi^aar's River station, on the Pi^oi^ 
^tersberg railway. 

It is a reasonable assumption that these coal-measures, with 
probably the overlying amygdaloidal basalt, stretched more 
or less horizontally, with possibly unbroken continuity, from a 
line at least as far west as the Springbok Flats to an unknown 
distance eastward in that portion of Gondwanaland now sub- 
merged beneath the Indian Ocean. Aiulcrson [93] in Zulu- 
land, Garrard [95/p. 75] in Swaziland, and Kvuaston [97] in the 
Transvaal have traced tin* continuity of tlu* Lebombo coal- 
belt, with its dip ocean waid bt iuath tho Lt'boinbo Range. 
K 5 maston concludes that the coal-inea^nn's at Komati Poort 
were laid down unconfonnably on the Oldi r Granite and the 
Barberton Beds, and that the relative position of these forma- 
tions is not due to faulting. 

In looking at the subject bmadly, one G forced to the view 
that the section, as now scin, fr(un tlu; eastern edge of the 

High Veld " plateau to the shon s of tin* Indian Ocean, is 
due to the great and widespread subsidence (Mstward, resulting 
in the flexed, possilily, to some extent faultid, and generally 
rugged slope, connerting the “ l.ow Veld ’’ with the " High 
Vdd,” and that the emergence fd the pre-Karroo formations 
was a natural sequence of rapid denu<lation of the Karroo 
formation, with the overlying basalt, from the sloping area, a 
denudation from which the Lelxmibo co.d-belt has been pro- 
tected through its lowe r altitude and by the overlying basalt 
and the capping of resistent rhyolitt*. 

Mellor [100] [99/p. 17], who mapped the coal-measurcs of the 
.Springbok Flats area, and Kynast(>n [qS] have shown the 
similarity of certain beds in this area to beds above the coal- 
, bearing beds at Komati Poort. And tlie interesting point b 
these, the " Bush veld Sandstones ’’ and the under- 
reddbh and purplish clays, arc the equivalents of the 
'**^ve Sandstones ” and the “ Red Beds " of the Stormberg 
^$erie& of Cape Province. It may be noted that this relation 
. . piayb^ extended northward into Rhodesia, where the “ Forest 
f )$«mlbtones/* with their Dcinosaurian remains and capping of 
are the equivalents of the Bushveld or Cave Sandstone 
overlying volcanic rocks. 
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In order to appreciate the position of the ” Cp^Stea$ures 
of Natal, the Orange Free State, and the Transvaal in the 
KaiTOo system, it is necessary to keep clearly in mind the 
gradual thinning out of the various members of this system in 
passing? nortiiward. J)ii Toit [94] points out that the Molteno 
Beds, 2,000 ft. thick between (ilen Grey and Elliott in Cape 
Province, die ()iit below Mont-au.\-Soiirccs, and thence, north- 
ward, “ arc ah\('}if, ami the succccdinf^ Red Beds come to rest 
directly upon the V pper Beaujort Beds^ Further, the presence 
of (/lossopieris in tin* noithern C()al-M(‘asurcs is recorded by 
Moleiigriuiff and l>iaj)er. Tli«‘ eorrelation, therefore, of these 
coals with those* of Molt<'no is exeliuled. 

J)u Foit also tiaees the gradual thinning out of the Lower 
Ecca Beds from tin* south of Natal northward, till at Ermclo, 
in the eastern liansv.i.d and beyond, they disappear, and the 
Middle h.cea Beds, with tin* included ( oal-Measures, ‘‘ come to 
rest either upon thr glacial (Dwyka) conglomerate or directly 
upon one of the older io('k systiuns.” He thus definitely refers 
these “ CoabM<'asuies ” to the Middle Feea Beds, wdiich, he 
states, “coires])ond with a high (h'gree of probability with the 
extreme base of tin* l\'rmian of hauopt*,” e.g. wdth the lowest 
portion of the “ Kothliegendi'.” It has. how’ever, to be noted 
that the ( oal-Mt asuiesof the Lebombo belt include representa- 
tives, both of the hNaa and the Ih'aufort Series. 

Much of the coal at Komati Poort and in Swaziland is anthra- 
citic ; at St. Lucia Bay most of it is distinctly so, a feature ^ 
which has hitherti* impeded development of the field. Garrard 
[ 95 /P- 79J records the interesting fact that the seams in the 
Upper part of the series are in general anthracitic and in the 
lower semi-bituminous, but advances no theoty^ to account for 
the difference. Kynaston was inclined to ascribe the anthracitic 
character of the coal to the prevalence of intrusive sheets and 
dykes, and to the pressure whicli must have been exerted 
the vast pile of tlie Volcanic Series. 

The Lebombo Coal-Measures are intruded by many 
dykes and sheets or sills. In the absence of sufficient dati 
is impossible to determine what influence, whether purely 
or widespread, these intrusions had in rendering the upper 
anthracitic, while the lower coals remained little> if 



Analysis of Zululand and Lcbombo Coals [QS/p- 7^1 
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et^ected. As regards static pressure, this lyould he bip^t^d 
to affect the lower more than the upper seams. . 

In this connection it appears to the writer that another 
possible factor may be noted. A great thickness of molten 
matter, amounting at Komati Poort to 6,000 ft., exclusive of 
the enormous thickness of rhyolite, has first and last flowed 
over the surface of the ( oal-M<Msures, with its associated coal* 
seams, and it is dilhnilt to imagine that a considerable amount 
of heat was not thereby imparted to these Coal-Measures, 
possibly sujficinil to devolatilize oy dtivc off a portion of the vcdch 
tile maticr from the upper eoals. 

The table on p.tgc 77 indicates the graduation in character 
of the Lebombo coals according to their depth in the series. 


Con! Production in the Union of South Africa 



>•0 7 

[ 101*. 

— 

Tons V"' 

pil\ mouth 

Tons sold 
■j.uoo lb.). 

V&Ioeptr 
ton at 
pit’s month 

Cape Province .... 

Natal 

Orange Free Stale . . . i 

Transvaal 

, 5. d. 

S.300 I.l 4 0') 
10 i‘70 

ICONS s 

4.654 

2 ,t) 07 ,t 33 

826.577 

6.438,061 

5. d. 

15 3-^9 
10 5- 10 
5 6.70 
5 o a4 

Total 

10 , 3 .S 2,020 1 

9,877.323 



The value of the coal at the " pit’s mouth " for the five 
years emling 1917 was. after India, the lowest of any country, 
and almost exactly half that of the United Kingdom. The 
comparative value per ton of 2,2401b. in various countries (1915) 
is shown in the appended list. The present price of coal is as 
a result of the war greatly in excess of these figures : 


Fifsmee . 
United Kingdom 
Cktfmany . 
,AnsUaUa . 


15 


Japan 

USA. 

S. Africa 


7 5 I India 


Although the coal has been and must always remain of 
importance to the gold-mining industry, its very abun^W^ 





iAdnced art attitude of indifference as to the <iui^ 

tteii of possible coal reserves. Consequently, the linuts, thick* 
0^ and variations in quality of the workable seams are stul 
<iily partially known, Although these coal-fields present leM 
dJE^ty in this respect than almost any others of like extent. 

.The Coal Reserves, as roughly estimated, are given in the 
Annual Report for 1911, Part III. Cfol. S. Africa, and 
are as follow ; 

TiXlA. 

36.000,000,000 
t>. 400,000,000 

(*,tXX). 000,000 
,|.H()0,000,000 

Tdtal 5 <i, 200,000.000 

The present methods of oxplfiitation admit tlic vitilization 
of about 55 per cent, of tlic total t'oal available. The quality 
of the coal is extn-imdy vai i.iblt>. Tlx- pcrrciitaKc of ash varies 
from 6 per cent, 30 per rent., but , in mo'-t «»( the coal actually 
used, the variation is from 10 to 15 per r» nt. 

If 'the estimate of the percenta^t* of coal recovered, viz. 55 
per cent, only, be correct, methods will doubtless in time be 
formulated to lessen the lamentable wa-ie. a^ lias been done by 
some of the progressive mining men of lixlia. Coal-mining in 
Sumatra is an excellent example of what can be done in this 
direction. 

Southern Nigeria 

Prom 1903 to 1913 a Mineral Survey, c»jndurted in associa- 
^ with the Imperial Institute, was mafle in S<fUthem Nigeria 
[i;05]/ Large deposits of lignite or brown coal were found on 
; sides of the river Niger, near Asaha {null. Imp. Ins,^ . 

■: X9t2, p. 435)- Later, in 1909. the large coal-field named 

^ ;!^etJdi-bkwoga after the native villages at its known southern 
northern limits was discovered. Ihc area of this coal- 
' 4.1^ «>,far as known, is about 1.800 sq. milc>, and the best- 
part is now connected by railway with Port Harcoi^. , 
I occurs in Cretaceous beds, occupying a plateau which* 


Transvaal . . averAi:c tlnckiu'S'. •' ft 

Natal . . • - .. 7 - 

Zaluland . ■ v-W*. .. , " 

OraoRe Free State 'I I 111 possible to m.ik.- »\t n : 
Cape'^Pfovince . .stun.iU-, but thr lot-U ui.es | 

BaStoland . . ! will {Uolubly lx- not b-ss th.m i.oo** , 

Swaailand . . ■"! tb^kn^ss j 

} of 4 ft. 
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in the north rises to 2,000 ft. and has a gradual slope to % 
west. The eastern escarpment exhibits outcrops of coal. . 

Udi coal is described as sub-bituminous, and is duU-bla^ h 
appearance. It ignites readily, bums with a bright, steady 
flame, with little smoke, and without caking or decrepitation : 


Analysis (Imperial Institute) 



iMoUturc Vol. 

l-.C. 

Ash. 1 

1 

8 . 

QaMti, 

Udi, 5 ft. sram 

1 - - - 

. 1 «•,•().: 1 H-I8 


7*79 

0-76 

6.969 

Okwoga, 3 ft. 11 in. seam 

. ' 11-50 


1405 

073 

5.494 


In the vicinity of Udi, 4 seams reach a thickness of over 
2 ft. Further north a seam 5 ft. thick is exposed on the Azata 
river. In the Okwoga district similar seams are found of a 
quality slightly lower in caloiilic value on the whole. 

Udi colliery [104], 151 miles north of Port Harcourt, began 
operations in 1915, and produced in 1918 148,214 tons. 
The Iva Colliery, now being developed, promises to be the 
most important producer. 

Details regarding the distribution and analysis of the coal 
of this field will be found in tht‘ Imperial I nstitute Bulletin [104] 
and Reports on the Mineral Siovey [105]. 

NORTH AMERICA 
C.\N.\l).\ 

In Canada, a country cif vast area and with large coal 
deposits only slightly developed, accurate knowledge of the 
total coal resources must be necessarily very incomplete, but 
recent investigations of a detailed character have thrown 
much light on the subject. The most recent important pub-; 
lications are An Investigatiofi of the Coals of Canada, with Rif 
ence to their Economic Qualities, 1912, by J. B. Porter, R- v 
Dutley, and others [iib] [m], and The Coal Fields and Cw 
Resources of Canada [2], contributed by D. B. Dowling to ilwSr 
Coal Resources of the World, 1913. The details in the folloudl^^ 
l^ges are drawn chiefly from these publications, and to 
extent from F. W. Gray’s Coal Fields of Eastern 
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^ Canada* s Principal Coal’fidds 

These fields are grouped rotighly, with their reserves, in 
Table I below, into four great divisions, tlie first three of which 
are at present of economic import a in e. Tlioir coal contents 
have been estimated on the bahis uf coal already explored with 
some measure of accuracy [112]. 


TM' I 

(1) The Atlantic Pm: imc.s. - Nova S(niia and New Bruns- 
wick : 

ii tiH 

Bituminou'^ Coal . . . ew' . >00,000 

(2) The Central Plains and the Fa^tefn Roiky Mountains : 

Manitoba, Saskatchewan, Alln rta, Cohmiliia : 

T'ljis 

Anthracite ... 5 <>o, •100,000 

Bituminous <o.nl ... . •;<» <m)<».o<)<( tKjo 

Sub*bituiiunoub anti lu;niie , . ii«>,ot>o uoo.odo 

(3) The Pacific ^'oasi and the !!'< stem Mountains : 

British Columbia and the Yukon . 

■j < fit 

Anthracite ... oi ofHi.ooo 

Bituinmous . ... .j<t,o()o,oo<i 000 

Jjgnite ...... ‘00,000, (;oo 

(4) Northern Canada- Maiken:ic lhi\in : 

. . ' _ Tons 

Lignite only V*” 

The foregoing table indicates broadly the distribution and 
character of the coal. 

. Table II gives the geographical jio'^itions and geological 
ages of the coal-fields. 

Table II 


Ud Coal fields. 

|r<wi Scetia : 

, field . 

. ' Ifivernew field 
> PSettm field . 

Cumberland field . 
iffim BmnswieA : 

; .Ckaiid Lake field . 

: f mihii Ifoimtain field 


Crntrf 0/ 1 Iflit 
Latitude. Lotij^iludr 

40"* 10' <-o“ 10' 

4O"' 10' t#!'- 10' 

45’ i 5 ' 

4')" 40' 04'' 

60 ® 00' 


Geological Agt, 
Carbonifrrooi 


Carbonitenms 


. 40 ’ 03 ' 

. 49* 00' 


100® 00' 


Tertury 
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Table II {mid.) 


Ptaiiaum mA CoaMlOdi. 

CenUt of PieH- 
Latitude. Longitude. 

GcdofieslAt*. ' 

S§skukJmm : 

Estevon or Souris . 

. .|y''o 5 ' 

103® 00' 

Crctaceow 

AVmta : 

Belly Kivrr fiolfl . 

. 4 ')’’ 4 ^^' 

112“ 40' 

Cretaceout 

Frank-HIiiirmure lul«i 

• 4 '>‘’ 1^' 

114'* 25' 


Ciscadc liclil 

. si" I.:' 

IIS'* 30' 


Edmonton (n-M 

• 

>13“ 30' 


British Coiumhut ; 

Crow's-nest lu-IU 

• I'*" i”' 

ii4<> 5V 

Cretaceonf 

Nicola Valley fi.-l.l 

. V'" 

I z(>° so' 


Tolkwa V.illry iwld 

• ‘if" i'*' 

izf 10' 


Nanaimo lulil, VI, 

. 4'>'' lo' 

1 .^3' 


Comox field, V.I . 

. <■,(»" no' 

1 2^;" 00' 


Suqua.Hh fn ld 

. SO** V/' 

127“ 15' 


Gndiam hUnd. . 


I <Jo' 


Yukon Territorv : 

Tantalus lu ld 

. 6:'^ lo' 

T V'® 10' 

Jura-CretaceoM 

Tertiary 

Yukon Kiver tu ld 

. 0.}* 30' 

l-JO® 00' 

Northirn-Macliemtr Ihisin • 

Northrn Islands i 

0/ ( oal Ih posits 

Tertiary 

Carboniferous 


Broadly spoakin^j. the roals of tlio (Mst, in the Atlantic pro- 
vinces, arc of C\irl)onifeious and those of the Central 
districts and (he Pacific ('oast are of Cretaceous age. Coal 
of lower Tertiai)' age i.> found in Alberta and Saskatchewan, 
and Tertiary lignite and sub-bituminous coals, in small areas, 
occur in Biitish ( olumbia, Yukon and the Northern Islands. 
Canncl coal of reputed Lower Carboniferous or Devonian age 
Is found m the Northern Islands, and thin, unimportant coal- 
. seams occur beneath the Carboniferous limestone in Nova 
Scotia. 


Distribution 

^ Important fields of excellent bituminous coal occur on 
Atlantic and Pacific seaboards, and are extensively mined and 
:U 8 cd for general purposes, but the great reserves of bituminoUa 
and sub-bituminous coals in Canada arc in the interior fleld$ <^ 
Alberta and British Columbia, where, particularly in Alb^^ 
coab of a wide range of character are found, from 
occurring chieQy on the plains, to bituminous coal and 
dte in the main uplift of the Rocky Mountains. 
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CoaI Hfsourcts of Canada 
Table III (after D. B. Dowling [ 2 /p. 441 ]) 
Group I 

nduding seams of i ft. or over, to a depth of 4,000 ft. 


I ActtuI kfv*rvf .CAlcuUtiou toivd ( 
I act dal thi^kn«* uinl citcnt*. 


District. 

j Area 

1 sqmie 

1 miln 

'C 1 «M .-f . 

1 ct.al« Metric toll* 

Area 

S'jii ur 

rtf 

ci«I • 

Nova SopUa . 

. ! 174 -tl 

! 1'2 

.-vs 

' Uj 

New Bnmtwick 

' 

1 5 “ ns,-' 

1 . 1 iV 

< 

' Ha 

l '9 

Ontario 

_ . 



Manitoba 

f 



Saskatobewan 

. 1 30 f.-u 

‘ I>1 2,4J2.u.».,,,.,o 

, r Ha . 

1 1 

!>a 

Alberta 

. ^25,31-Kvo 

1 I'l t".’ <!)(., 

S'', ss " 

. I'a 

, 



|HaH| .•/ 


H»lt, 



' Nv <i(( 


1 At i 

British Columbia 

I 4 1 '/ ^ 

j 2j.r.. wn... .. 

1 I'a 1 1 • < 

i 

i \vHs 

1 H» 


1 

l,*a H),, 1 ji 



Yukon . 




1 \,ii, ! 

North-West 

' ' 



' 1 >il >t 

j 

Tenrltortei , 

' 1 ' ' 


..•(1 (. ’ 

, 1 

1^5 j 

Northern Islands , 


■ ; 



1 \hhi ! 
' ^ ! 

Total 



^ '« '‘'-2 Sj, 

i 


l‘rubab!( Krscrvra lAjtprtMttaAt* 
«Uma(cj. 


Metric tool. 


4,8 ?i,Si 7^ 
it),0Of>,000 
1)1,000,000 
i 5, 000, 000 

160.000. 000 

57.400.000. 000 

20.450.000. 000 
4 ^'4, oat. 000, 000 

I3^.t6t.000,000 

43,<)22,6/>6,000 

100. 000. 000 
40 , 607 , 700,000 

2 . 300 . 000 . 000 
S,t)6,ooo,oot> 
i,6oo,oi>o,ooo 

250.000. 000 

4.690.000. 000 

4.500.000. 000 

} 6 , 000 . 000,000 


' ;«oi, 966, 1 17,060 


• 3 - 

T la tbtt total ao.ooo.ofxj has been 

extracted In Alberta. 

I This total docs not agree with th«' 

Including seams of 2 ft. 
Hind 6,000 ft. 


'luftitl f ir the ul to..l of .,11 clasiei already 

figure gnrn by l-’owJiug. 

Croup II 

and over, at depths between 4,000 


|[ feg»,S 6Qtia (marine areas, 3 to 5 mile hnnt) 
^^Otfambia ! 


I'rol,at,h Rrwrrcs 
'Approitwate r»ltmal«). 

Area . riaj** 

.'vpwrc ,.i Metric Tom. 

ojurs tokil , 


71 i j 2 , 639 , 000,006 
201 ; lia I 12 , 700 , 000,066 ■ 

• t ' I 2 . 160 . 000,006 

^*^7 { ~ j 1 7.499.^«0<10 
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SOURCES OF COAL 


SUPttif' 


Totals by Province^ 


Groups J and 

Nova Scotia . , . . 

New limns wick 

Ontario 

Manitoba . ... 

Saskatchewan .... 
AUxrta ..... 
British Columbia 

Yuk<.n 

North-west Territories 
Northern Islands 


Uetric toM. 
9.718,968,000 

151 . 000 . 000 

25 . 000 . 000 V 

160 . 000,000 

50 , 812 , 000,000 

1 , 072 , 627 , 000,000 

7t’.034.942.000 

4 . 040 . 000 . 000 

4 . 800 . 000 . 000 

6 . 000 . 000.000 


1 . 214 , 2 ^x 7 , 3 10, 000 

Production, Exports, Imports, and Consumption of Coal [109] 

Nova Scotia, owing to its favonrablo geographical position, 
has boon tlie largest producer till i{)r8, wlu'n Alberta slightly 
exceeded it, and has shown little variation in output since 
1910. During the last thiee years the out[)ut from British 
Columbia has rtanained stationary, while from the other pro- 
vinces, e.xcept Yukon, it has increased. Recent outputs are 
as under' : 

Tahlc IV 


Vioduetton ‘ 


rrovluct. 


Nova Scotia . 

New Brunswick 

SiftkatchfTWan 

Atberta 

BHtUh Columbui . 
Yukon Territory . 


TotaU 


l-l IS. 

rni'liu tion, , 

T.uh ; 

n.). 1 UoUan. 

10 If, 

1 m 7 ‘ 

Pr,«lucU.,..' 

‘ l:X.m. \ 

1 rroducUoo, 

1 Tons 
(2,000 lb.). 

V«la% 

DolkM. 

16,1,51). loS ' 

6 ,<) 12.140 i.S.si 4,662 

6,327,091 

19.410,737 

mi i.'u.t't.: 

143. S40 3>S6,oi6 ' 

189.095 i 

708^10 

.'ni.Ui,’ 

281.100 411,836 

.t55,445 

eeauji 

1. 5,,,,-,) 

l,?‘>o."‘i4 ! 1 1.386,577 

4.736,368 

M,I53iM3 

*MH.5.rin ! •...jS'i.CM 

2,^84.061 8,075.100 

2,433,888 

8,335,710 

0.724; 

' 3.300 i i3,2tx) 

4,87a 

29,252 

t3,2(.7,»i2J 12.111,182 

I ».4S3,30S , 38,817,481 

14.046,759 

43i199»?3* 


Tabic V 


The 1917 proJuction comprised : 

Anthracite (from Bankhead, Alberta) . 
Bituminous coal .... 
Lignite 


Tods («,ooo I 1>4. 
108,225 
Ii.i54.25i 
2 . 7 ^ 4.283 

14 . 046,759 . 


* In 1918, (he total production amounted to 14.977,926 shof^ 
vtUut 855,192.896 (,4 hii . Rept. Min, Prod. Can., 1918). • . ' - . 



CANADA $5 


{Ruction . 
Imports 


Exports 

Re-exports 

Consumption 


Tabk VI 

Exports^ Importi (iful Consumption 


i^ni> 

Tun* { .-.ou j lb 1 \ ^luf . J (.'.liar- 
l-l. 

I 7 , 5 Ko.um 

7 i<»7 1 j • 
7 <»»»>! 

7u...u7,;(x. 


» 9 I 7 - 


i Value, DoUan. 


M.<mo.7-,.| ; 109.831 

;u,S 57 ..,(h-. 70 - 563,357 

.U 113,766,188 

I u I ')0 , 7.387,193 

■1:. 

m.i.’ 17 .'‘> iio,Si8,8ii 


j *.M 5 . 3 -',-» 

I I 


ym it Si otilt 

Tile Carboniforoii'-i r<M ks ff k,abtirn ( an.ul.i are in part 
the northward continu.ition nf tlu* Apjbil.u liian MouiUains, and 
Stretcli from l-rcdcnctoii in Nrw liiiinswn k in broktTi outline 
through the north of tlir in.iinliUid of Nova Sioii.i into Cape 
Breton Island, where they dip un(l*r the sea and reapjiear 
across Cabot Strait in Newfoundland 'njp. i] [121]. As 
already mentioned, the coal depo>its of New Ihnnswick and 
Nova Scotia arc of Carboniferous agie 

The workable coals of N(»va Scotia arc found above the 
Carboniferous limestone in the MihdivMon t(’imed tlie " Pro- 
ductive Coal-Measures. ’ All the coal is luiuniirions in quality, 
and the analysis varies within comparatively narrow limits. 

The reserves of Nova Scotia are small comjiared with those 
of Alberta, Saskatchewan and Ihiti^;!! Columbia, but theekcel- 
lent quality of the coal, shijiping facilities, and nearness to 
populous centres have enabled the mining companies to main- 
vt^in a steady output. An import tariff of 5 5 cents per ton 
bituminous round coal and 14 rents on .slack coal 
■fraiects Nova Scotian coal against undue competition in the 
i^dptreal market from the cheaply-mined and water-borne 
^ 0 li^ted States coal. Anthracite is admitted duly free. But ih 
the return on capital invested in the collieries of Nova 
been small. 
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There are five distinct coal-fidds, Icnown a$ the 
Inverness and Richmond on Cape Breton l$lan4, ftcton wrt , 
Cumberland on the mainland of Nova Scotia: jMfining in the 
Richmond field has, on account of the uncertain occurrence of 
the seams and the inferior quality of the coal, been ^bandon^. 



Cape Breton Island contains the most important coal*fi^da^^^ 
Eastern Canada, v’ - 

Sydney CoaUfield [No, i on Map].— This field, the 
.portant of eastern Canada, is situated with the 
harbour of Sydney as its central point, in the north-ea8t.CjjHfip^ 
of Cape Breton county, and extends slightly iniol 




it coliskts of a series of paralld basins resulthig ; 
folding, of which the axes dip seawards at angles of frota 
y to ra*. The land area is from aoo to 250 sq. miles in extent,, 
n^th a length of 32 miles from NAV. to S.E. and a maximum 
width of 7 miles, and, as suggested by l\‘ichard Brown, is prob- 
^iy a segment on the soutliern edge of an immense submarine 
'fiasin extending towards Ne\vft)undland. 

The structure and quality nf the seams are subject to con- 
siderable change even in one )>asin. This, with the occasional 
thickening and thinning nf ih<‘ iniinining strata, renders 
correlation of seams linm basin to basin im«ettain. There 
are from 6 to q wnrkal»l< «ains fn»iii 3 to q ft. thick, and of 
an aggregate tliickness of qo t<» 50 ft. With the exhaustion of 
the thicker seams on tlie l.md an a, ihmnei st am^ are being 
attacked and submarine mining is beeoinuig general. Working 
has been extended under the sea to distances of 3 miles from 
the shore, and will pntbably be limited in this direction only , 
by economic considrrations. 

Inverness Coal ft cil .No 2 on Map;. I nvirn<*ss foal-field, 
fringing the we'-bTii ci)a>t of (‘ape but ton Idand, includes four 
distinct basins knfovn as I’oit Hood, Malnni Inverness and 
Chimney Corner. Tlie strains, as exposi ti on the landward 
area, dip w'estward, fiftpiently at high aiigh-s. and the colliery 
workings are largely beneath the wateis <d the Gulf of St, 
Lawrence. 

At Port Hood, one sram, b to 8 ft. thit k, bt-ing worked, 
and another, 360 ft. higher and 6 ft thick, is said to occur. 
The seam dips at 21'' beneath the st a. and ilatteiis to 12® at the 
bottom of the dip incline, which is 2,000 ft fotni the outcrop. 

In the Mabou basin six seams, from 3 to 15 ft. thick, occur, ' 
and possibly aggregate 40 ft. of coal. 'I’he two upper seams, . 

. . 7 imd 8 ft. thick, were worked, but operalums are stated to 
.haye ceased in 1908 [117 ip. 42]- 

, Jkt Inverness, Charles Robb’s section, given by the Geological 
; &ih?ey^ 1S73-4, shows seams of 3 ft., 5 ft. (reported), 7 ft., 4) 

>; 3 %, ^ 3 ft. 9 inches. H. Y. Hind in 1873 also reported a 
f f^yfhat similar section. The dip is from 15® to 20®, wi^ > 
|/3li((fep»r ^des in places. In 1909 Mabou Mine, and in 1911 
Hobd Mine, were flooded by inbursts of water from ihg 
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sesu The 7-ft. seam is being worked, and prc^oJc^ v^u^ 
about 250,000 tons, which is sent by rail to Port piatings, 

56 miles distant, and there shipped. 

At Chimney Corner the seams measure 3 ft., 5 ft,, and'3 ft. 

6 in. They occur in a synclinal trough, and their workable 
extension seaward probably does not exceed i mile. 

Ptc/ou Coal-field (No. 3 on Map]. — The Pictou field is sittt* 
ated in the centre of Pictou county, south of the town of New 
Glasgow. Its known workable extent is comprised within an 
area ii miles long l>y 2/, inilrs wide. Coal is said to have bem 
first discovered near Stellarton in 1798, and since then has been 
progressively mined. The structure of the field is very com- 
plicated, and still only partially understood. For descriptive 
purposes the held is usuidly divided into the three main divi- 
sions hf Westfield, Albion, and Vale. 

Albion, or Stellarton, the central and most important divi- 
sion, is separated from Westvillc on the west by the McCulloch 
fault, variously estimated at from 1.600 to 2.600 ft., but regard- 
ing which remarkably little is definitely known, and from the 
Vale division on the east by a disturbed and apparently barren 
area. It is remarkable for the thickness of some of its seams. 
In a section (jiioted by F. W. (iray [ 113/p. 16 seams are 

shown, ranging in thickness from 2 ft. <S in. to 34 ft. 7 in., and 
aggregating iS(S ft. in 2.781 ft. of strata. Five of the seams 
exceed 20 ft. in thickness. But the thickness of the individual 
seams and the intervening strata vary greatly and rapidly, a 
feature rendering a correlation of the seams with those in the 
divisions to the east and west most uncertain. The dip of the 
strata is from to 30® to the north. 

In the Westvillc division there arc four known seams, which, 
in descending order, are 17 ft.. 12 ft., 6 ft., and 8 ft. thick. The "" 
^ average dip is 16'’ to the north*east. 

. ‘ The measures in the Vale division occur as a syncline, , 
V a north-easterly axis and a cross width of 3 miles. It coaiai% , 
six seams of 3 ft., 3 ft., 3 ft. 9 in., 6 ft., 8 ft., and 2 ft., but 
. also the thickness varies considerably. The dip is ’ 

horbontal to 25'^. This series is believed to be on a 
, above the Albion series, and to be separated from the 
by ft. of strata. 



' coinpiinjes only operate in the jKctou fieid, namely* ^ 

I^Acs^ia Co. in the Albion division, and the Internatkmal 
> Cbal Mining Co. in Westville, the respective outputs being 
about 400.000 and 150,000 tons per annum. Production in 
both areas has been seriously affected by underground firm. 
For economic reasons the former company closed down their 
collieries in the Westville and Vale divisions. 

Cumberland Coal-JivU [No. 4 on Map]. 1 ‘his held is situated 
in the west of Nova Scotia on the western branch of the Bay of 
Fundy. In addition to the exposed ( oal-Measines from which 
coal has for long been won. conce.ded ( oal-.Me.isnres are sup* 
posed to exist beneath youngrr formations, and a borehole at 
Halfway Kiver lake, in which a seam ot (j ft. was passed through 
at a depth of 2,3.50 ft., supports this idea. I'aults .uc numerous, 
and one, the Athol fault, separ.iies tlu* two producing areas ' 
Joggins to tlie ntutli and ^prm.i^diill i(» the south-east. 

The Coal-Measures fd the Joegnis area outcrop in a fairly 
regular east and west Iiiu-, 22 miKs lon^, and dip from 19® to 
50® to the south. Ihey aic •^uppostd to !)»• the northern limb 
of a synclinal basin, of which th<- contorted Spnnghill me^asures 
form the south-eastern edge. The latter measures are ex- 
posed for a length of about 7 miles, and dip at 25'' to 30®, even 
up to 75“ to the north'W'csi. 

Tlie seams of the Joggins belt in gener.d are thin, or split up 
by bands of shale, as at Maccan, and range fiom 2 to 7 ft. in 
thickness; those of Sprmghill have crmsiderable thickness, 
one being 13 ft. and two each 11 ft. thick. Spiinghill seams are, 
Bke those of Pictou, subject to goaf fires, and give off firedamp 
freely. 

It may.be noted that the figures given in the table on the 
next page by no means represent the best analysis of Nova 
Scotia coals. They may be taken as a vi ry moderately stated 
average, and as conservative figures [iij./p. 38]. 

.^ matter claiming serious attention, and one coming tnorp 

to the front in coal-mining everywhere, is hydraulic* ‘ 
y) sa^-fiOing or “ flushing ” of the goaf. The adoption of this 
seems peculiarly desirable in certain parts of this pfi^ 
u; yito op account of the exceptional thickness of some of the 
^ extent to which mining bcneatli the sea is necessaiy^ ' 
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Table cf Average Analyses of Coal Samples takm frm Cyllime 
operating in the several Coal-fields of the Maritime Province^ 





.Sydney, 

Cape 

IneemeM 
Co., Cape 

Plctou 

Co., 

SpringhOl, 

Cumber- 

Ctintber- 

Cfin 


Breton. 

Breton. 

land Co. 

land Op. 

Bnam 

>(«inber of «cam samples 
included in average 

9 

2 

6 

3 

3 

f 

)foisturt in coal / 

l‘cr cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Percei 

Total Moisture . 

37 

70 

5-3 

2-4 

26 

3-9 

i-M 

Moisture left after 
drying . 

2-6 

1-7 

21 

2*2 

0‘09 

^Oinmate analyi^is of dry 







coal ! 







Fixed carbon . 

5^*-3 

•too 

57-5 

590 

464 

33-4 

Volatile matter . 

3'>-4 

3«-5 

20-0 

3. VO 

37*8 

32'3 

Ash . 

7-3 

X2«5 

12-9 

8-0 

15-8 

*4-4 

fHmata analysis of dry 







coal : 







Ourbon 

75-B 

^>5-4 

730 

767) 

64-8 

70*3 

Hydrogen . 

5* 

4-5 

4-5 

4-9 

4*4 

4-6 

Sulphur 

2-y 

(y<) 

' ^ i 

05 

6-2 

5-8 

Nitrogen . 

*••1 

0-0 

1-9 

16 

1*2 

0*6 

Oxygen 

7--') 

9-8 

6.5 

7’4 

7*6 

4*5 

lalofific value in 

Thermal umts ; 

1 3 .Wh) 

1 1 ,(/k) 

12.970 1 

1 

13.5-0 : 

11,869 

13,891 


and the liability in certain scams to underground fires. Safety 
to life and property and marked economy of the coal reserves 
would certainly be promoted. 


New Brunswick 

In the Province of New Brunswick large areas are occupi^ 
by rocks of Carboniferous age, but these consist chiefly of the 
lowest and barren strata, while a comparatively small area 
only is covered by the coal-bearing Millstone Grit. The 
** Productive Coiil-Measures/' which in Nova Scotia ove^; 
the Millstone Grit, are here entirely absent. / 4,', 

Patches of thin coal are found in many places, but th| 

, valuable occurrence is in the Gnind Lake district of 
' , County [No. 5 on Map]. The extent of this area is 
miles, the measures are nearly horizontal, and the 
lit shallow depths. The deepest shafts do not excee^'^^i^ 



il^ihee(>9Jattiaie$is vonbystrip|^tlM<>v«rburd^^^ T&efb; 

two seams of 20 inches and zo inches, of which the upper 
only is worked except where, as at Minto, the two come together 
aad form a 30-in. seam. 


Aftiilysis of Coal 

GranJ Lake FteLi 


- 

i’fr (.cat 

Vi'lin'c 1 J'uol 
matter 1 tarlKHi 

Ter 1 IVr cent 

i A-vh j 

Tw cent i 

Sulphur. 

1 l‘cr cent. 

Cdotisi. 

King’s Mine. Minto 

0-9 

; 3--* 

53-4 

14 4 

5-8 

7,160 

(wished) , 


j 310 

56 -6 

9-4 

4-9 

7,680 


The output has increased from 55.000 tons in 1910 to 268,212 
tons (2,000 lbs.) in 19 iN. 

The coal resources of the (irand Lake field aie estimated 
by the Geological Survey at ijS.ooo.ooo tons, which, with 
13,000,000 tons in the Ik-ersville and Dunsinane areas, give a 
total of 150 million tons fur the province. 


Ontario 

In the northern part of this province, on the Moose River, 
south of James Bay, beds of low-grade lignite occur in clays 
and sands of the glacial age. This lignite could be easily won, 
bujt from its remote position is not at present of economic 
importance [106]. 

The coals of the western half of Canada belong chiefly to the 
Cie^ceous and its upward continuation, the transition beds 
r xif 'flie Laramie formation. Tertiary and Jurassic coals occur 
t<^h limited extent. 

^cetaceous strata, with undenuded remnants of Tertiaty 
' ' first appear to the west of Winnipeg and extend to the ' 
> ' but coal deposits are few and comparatively 

i till Alberta is reached. 

co^ of this territory change through various 

in the east to anthracite in the west. East (d 



the ir3th meridian, lignites, when thoroughly air-dried, have 
about 12 per cent, of moisture, whilst west of that line many, 
if not most, of the coals are less hydrous, and merge, in sotne 
instances, into bituminous coal indistinguishable from^^coal 
of Carboniferous age. But hydrous lignites and fuel of all 
intermediate stages also occur west of the line indicatdd (W, 
Dawson). In the ihountain region the coal is mostly bitu- 
minous, and in the disturbed belt of the eastern foothills thp 
fuels with 1*6 to 6-o per cent, of moisture may rank as ttue 
coals. In the Cascade basin, in the mountains, where pressure 
from the west has overtilted the strata, anthracite of good 
quality has resulted. 


Manitoba 

Lignite is found in the south of this province on Turtle 
Mountain [No. 6 on Map], the southern half of which is in 
North Dakota and the northern half, of 48 sq. miles, lies in 
Manitoba, The formation is probably lower Tertiary, and 
contains thin seams of lignite which, Dowling states, appear 
tS be “ deposits wliicli are limited in extent, though repeated 
over largo areas.” d he lignite, tliougli ratlier high in moisture 
and disintegrating on drying, is useful for local purposes. The 
production is very limited. 


Saskatchcuum 

In this province two coal-lx'aring formations occur, namely > 

(1) Tertiary, in the extreme south of the Souris river, in the 
Estevan district, Wood Mountain and Missouri coteau. 

(2) Cretaceous (Middle), in the Belly river division, extend- 
ing eastward from the Saskatchewan- Alberta boundary to the 
vicinity of Swift Current. 

Of these the Tertiary is the more important. 

Souris Coal-field (Lower Tertiary) [No. 7 on Map]. — The 
of the coal-mining of Saskatchewan has been developed aroupi^ 
Estevan, where seams of Tertiary lignite outcrop in the naiuriiji^ 
ts^tions of the Souris valley. Outside of this mining aripit 
*Cort-Iteasures are mostly hidden beneath a heavy covct^<^ 
bpUlder-day, and little is known of their possibilities*! 



Jby these measures Is estimated at 4 ,oop sq, mOea.' 
Deirho^ C^ty/p* 66] divides the coal iormation of Estevah 



ihie. jthe tipper, the middle, and the lower horizons, in the last 
pi B-ft. seam produces most of the coal won. Towaf^? 
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the west this seam splits up into several small m 

north-east it is reported to thicken to 15 ft, ' ^ I ^ 

North of the Estcvan field, and in the hills to the west of 
Souris river, coal is reported at various places in seams from 
I ft. to 18 ft. thick. ' 


Lignites 0/ Souris River Coal-field 


W«itern Dominions 
Collieries, T.iy- 
lorton 

Enmka Coal and 
” Brick Co., Hs- 
tevan 


Moliture. 

Volume 

Diattcr.! 

Fixed 
carbon. 1 

A«h.: 

Sulphur. 

CiOofltf. 

l8-o* 

490 

42-9 

8*1 

06 

5,940 

i 8-2 t 

400 

43 --^ 
1 

1 6-8 

0-5 

5 » 36 o 


• Before air-drying. 28-6. J Calculated ou water-free ba^. 

f liefore air-drying, 30’9. 


Several mines operatic in this distiict, and produce 95 J per 
cent, of the total in Saskatchewan, which, in 1918, amounted 
to 346,847 short tons. 

Belly River Coal-field (Middle Cretaceous) [No. 8 on Map], — 
The Coal-Measures of this field, which lies in the west of the 
province, extend westward into Alberta. Coal-seams are few 
in this horizon, and arc of importance chiefly on account of 
their wide distribution. A scam at the top of the formation, 
which is generally persistent in Alberta, occurs here only in 
isolated patches, and is 4 ft. thick on the Saskatchewan river, 
while furthiT north it is found up to 8 ft. thick. 

Eastward, the formation, acconling to Dow'ling, probably 
thins out beneath the overlying marine beds ; southward it 
is overlain by upper Cretaceous shales, as proved at Maple ^ 
^ Creek, wliere a borehole located the 4-ft. seam at a depth of . 
X96 ft. and a 7-ft. seam 100 ft. lower. North of the Saskatche^v. 




/dMAOh 

Alberta 

‘ Dowling has estimated that the '* actual " and ‘*prob* 
aUe** reserves of coal in Alberta aggregate 1,050,927 million 
tons, or 87 per cent, of the total reserv es in Canada. 

The coal is Cretaceous, and occurs in thnr distinct horizons, 
which, in descending order, aie known as : 

(1) Edmonton and part of I\iskap<M) formation, at top of 
Cretaceous Lignite. 

(2) Belly River formation, in niid<lle of Creta< <‘Oiis. Lignite. 

(3) Kootenay furniatioii, at ba><‘ of Creta«eous. 

The Paskapoo Series overlie tiie ICdmonton >erics over a 
great part of Alberta, and, in their lowor beds, ermtain in certain 
areas small seams of coal, wliith supply local rcquiremenls, 
but are of little importance in compaiison with the Edmonton 
seams. 

Edmontm Fomation [No, 9 on Map;. - The l*.iska|x>o and 
upper Edmonton Series occiijiy an area of 24.779 niiles, of 
which 22,475 sq. miles are estimab d t«» he ( eal -bearing. Out- 
side of this area an additional 29.9 )o inih > aie underlain by a 
group of thinner scams in the Edmonton >ei k s, occurring about 
from 500 to 600 ft. below the thick seam of the upper Edmon- 
ton beds. The total area, therefore, unddlam by available 
coal of this formation is 52,405 .scj. inihs ^2/p. 47O]. The 
estimated “ actual " coal reserves are :k'^5.<'97 million tons, 
(metric), and “probable" coal reserves 417.201 million tons- 
(metric), aggregating 800,95s million tons, of which 789,600 
mihion tons are lignitic or sub-bituininous and 11,358 million 
tohs are low-carbon bituminuu.s (( I.iss IT). 

TJie Edmonton formatum o<'curs as a syndinal basin^ 

. extmdiiig in Canada from latitude 49’ N. t«» about 55® 30' N. 
This axis of the syncline is east of and parallel with the Rocky 
Hotmtains, from which the western limb dips rather steeply 
the east, while the eastern limb dips gi-ntly to the west. * 
.TbW^nd the north the measures flatten, the trough widens^ 
aiidi the, coal-seams thicken, l ertiary sandstones overlie the ' 

: portion trough. 

are found in an upper horizon at tlie top of the 
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fonnation, and in a lower horizon at from 500 to 600 t*ie 

upper. In the upper horizon a group of seams come f<^g^Sr 
in places to form the Big Seam.*' $outh of Bow the total 
thickness of coal is 5 ft., but it thickens to the north-west, and 
at Calgary is 13 ft. in a single seam at a depth of i,8oo ft. 
beneath Tertiary strata. West of Edmonton it is 25 ft. thick, 
and at the Grand Trunk Pacific crossing of the Pembina river 
it splits into at least two lo-ft. seams. The coals of the lower 
horizon are mined at Edmonton, Tofield and other places. 

The change in the upper horizon from lignite in the extreme 
north-eastern area to coking coal in the foothills is shown in 
the following analyses quoted by Dowling : 



Moist. 

Vol. 

F.C. 

Ash. 

Head of Pemhitia Kiver (west of axis) . 

432 

33-43 

56>47 

5*14 

Swkatchcwan River (o.ast of axih) 

II-H 8 

35-31 

47-06 

5-o8 


Coal from Slraihcona Mine, Edmoni(yn {air-dried) 

Mdat. Vol. I' C. Ash. Calories. Fuel ratio. C,H. ratio. 

iS'i 33-6 3«’9 9'3 9*0 

Loss on air-drying, 5*8 per cent. [no]. 

Belly River Formation [No. 8 on Map].— This formation ex- 
tends westward from Saskatchewan into eastern Alberta, in 
which 16,000 sq. miles are underlain by it. It stretches in 
Canada from the international boundary to latitude 53® N., a 
length of about 250 miles. Sufficient data are not available 
from which to estimate even approximately the amount of coal 
contained in this area, but the available coal must be enormous* 
In the northern part of the area the seams appear to be thin* 
^Near Medicine Hat two 5-ft. seams outcrop in the river banks; 
going westward, the coal improves in quality at Taber, and 
still more at Lethbridge. The hydrous character of the eddi 
diminishes as the mountains are approached, as indicated, in 
the following analysis [2/p. 479]* 


Ia>caUty. 

Tblckttnt. 
ft. in 

MoUturr. 

Vol. 

F.C. 


Hoddifi. near Medicine Hat . 

.s 0 

20-54 

33-26 

41-15 

5^-t 

Tell mile# west of Medicine Hat 

4 0 

16-82 

31-90 

43*9® 


McFhee mine 

2 7 

11-35 


5f63 


Taber wine 

3 3 

7-21 

39-i8 

46-36 

r A 

CotUeries, Lctbbrid^e . 

5 6 

4*7? 

54-61 




C: fresh from Taber mine and Galt CoUiefiea gave 

flowing results [ii8/p. 84] : 



j Moktttrc. 1 

1 Cmlculitl^a <ti 

W’Ater fm 



j Miur. j Air t!nr<! 

Voiiitiu. r c 1 

A»b. 

CAiorka. 

Tal^ Mine . 



. I lyo 1 1 1-7 ! 

Vj-*' 40 ‘J j 

141 

<^.150 

Galt Collieries 

. H'} 7-., 


n-0 

i 0.510 


The Belly River coals havt' been provtii beneath tlio Edmon- 
ton fonnation at : 

Tofiekl . i,oso (t . (...il 4 ft. 

Edmonton . 

Calgar\* , j v* . . .. s . 

Calgary jo/. . . . ; . 

Calgary .. j>;5 ... 4 

Kootenay h'ormatinn >'«>. 10 on Map]. This formation is 
hidden beneath tlie ytnui.m r members <*f the Cu tareoiis system 
in .the undisturbed aieaseasi of the Koekv Mountains, and is 
only exposed in the demided domes of the uniiclmes in the 
foothills and in the npheaved strata of thes.; motmtains where 
intense erosion has rem<»ved the oveil\inf^ measures. The 
formation in the mountain rej^ion occin^ in lon^' strips of up- 
lifted fault blocks, dipping in general to tin* west in rnonoclinal 
fashion^ but synclinal troughs ar<* also fouml. It occurs both 
in the outer ranges and in tin- h)othills from near the inter- 
national boundary to the Atlial)aska rivi r. beyond winch most 
of the coal-bearing areas aie in the foothilK. The formation, 
3,0p0 ft. thick at Elk River valley, thin.s to the north, and is ^ 
probably only 200 ft. thick east of the main range of the 
Rocldes [2/p. 482]. 

Il is estimated that, of the “actual'’ and “probable*’ 
res^es, 17 per cent, is semi -anthracite and 98*3 j)er cent, 
b edkiiig and non-coking bituminous and usually of high 
gmd 0 Et22/p. Ii]. The anthracitic character varies with the, 
.^degree of dynamic action to which the bed'^ have been stib- 

; jKi^tenay coal is {he best found in the Prairie Provinces^ 
of its occurrence are : / 
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CokmM am.-^Three of the ^eanjs ate i6^ 

,jS ft thick. \ 

Blaimore area.--This area contains seams lo, 17, 3’j^ 3J, 
17 and 6 ft. thick. 

Livingstone basin. -^-In the north, 13 seams, with 43 fl 
coal, and in the south, 21 scams, with 125 ft. of coal, are believed 
to occur. This area is not yet actively mined. 

Moose Mountain area, lying west and south of Calgary, has 
seams 7, 8 and 20 ft. thick. 

Cascade.- This held is nearly 90 miles long. Between the 
Bow and Kananaskis rivers 15 seams aggregate 85 ft. in thick* 
ness.‘ At Bankhead tlic coal approaches anthracite. 

Bighorn basin. This field has a length of 46 miles, in which 
at various places from 3 to 14 seams, aggn.'galing, respectively, 
from 22 to 88 ft., occur. Seams of 21, 7I and 4} ft. are being 
mined at Mountain Park. The coal i.s coking. Coal is also 
found in the Kootenay formation in various other localities in 
the Rockies and in the foothilKs. 


cottt 

vli'm7^<’ Analysis 

MH^Uirc. Vvl. iii.ttur I ufd C 

A^h. 

Calories. 

Blaii more 

0'50 5^50 

12-70 

7,000 

Bighorn 

IM 5 - 14 ^’ «'»7*<)o 

'>•57 

7.537 

Cascade 

0 )0 l.) 00 7150 

13’.50 

7,a66 


British Columbia 




The coal-fields of British Columbia may be grouped into; 

Rocky Mountains field in the east of the province. 

Southern and Cential fields. 

Vancouver and yueeii Charlotte Islands fields in the west. 

The coals of importance are Cretaceous. They occur only 
in disjointed areas, and their correlation depends, therefore^ 
largely on fossil evidence, while their exact geologica^^ag«fj•|. 
in certain cases, uncertain. 

Roi'ky Mountains Field. This field, lying on the Elk 
and the western side of the Rockies, comprises the 
Crow's Nest Pass basin and, immediately to the north, ^ 

Elk River basin, which passes, at its northern end, into 
at kananaskis Pass. Crow' s N est basin [No. 1 1 on Maj>] 



sq. miles, and is the most importani detd 
^mln&d in Biili^ Columbia. The Coal-Measures belong to the 
Kootenay Scries, and contain 22 seams and 200 ft. of coal of 
which 100 ft. are considered workable. In the smaller area of 
the upper Elk River the same measures occur, but the number 
of seams varies. Sections showing 80. 08, 182 and 97 ft* 
of coal are reported, and one seam on Lewis Creek is 3X ft. 
thick. The coal is of quality similar to that of Crow’s Nest. 


Analysis of Crow's Wsf Coal 120] 


CqaI »1t drifcj. 

M .ist ' V ( 

1 i- 1 ■ 11.. • c n. i 

'' ’ ‘ , latio ; ruUo. j 

1 Coke. 

Corbin. No 4 rnmc * 

<>•5 1 

I'f) 1*1 I ■ I i ' *‘-50 j 1 7-9 1 

1 poor 

Mkhd Colliery . 

0-7 ; J.I 

■ .\ •>5 0 . II .) ; , J <>(.> j iO «> 

i — 

Coni Creek CoHu ry • 

1-3 j 

• 0 Xj-8 : w «> ' ;.5;s ' .:-.i j , 17-3 

1 


Small occurrences of TcTtiarv coal .iLo .ue reported from Bull 
River. Kettle Riwr, .Mulway and Okan.igan. 

Southern fit-id.- At IVincctnwii No, 12 on Map], seams of 
Tertiary lignite. 45, OJ and i 81 ft. thnk, itccur within 50 ft. 
of the surface. Boring in tin* vicinity indicate > gusit variation 
or want of continuity in ilit l)t (L. Wnody lihic still apparent 
in some of the Sianis. Iho analysis of the thick scams is; 
Moisture. 16 ; Vol. inalkr, ^7-5 Fixed < arhon, 42 , Ash, 4*5 per 
cent. At Tulamreii. Tertiary bitnininoiis coal is found in seams 
ranging from 5 to 12 ft. thick. 

Nicola valley [No. 12 on Map] coal of similar age, but 
runks higher as sub-bitummous. Tlx* analysis is : Moisture. 4 ; 
Vol. matter, 37*5 , Fix* d ( arbon, 44*5 . A'^h, 14 , ('alories, 6.240 
fraO]. The thickest seams occur at toldwatvr Creek, and^ 
seams. 6, 10, 5 and 12 ft. thick, are being worked south of the 
NiOola River, while north of the river two seams of 4 ft. and . 
5 have been located. 

, ^enitai Field . — Lignite of low grade is found at Alexandria* 
{^fUesnel and Fort George [No. 13 on Map]. In the extensive ^ 
^TUg^n between the Fraser River and the Coast Range, concealed 
f eodl-hdds may exist beneath the Tertiary volcanic rocks, 
xmdev disturbed and rather unpromising conditions, is 
Nazco, Blackwater and Nechako Rivers and on 
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Fras<3: I^ikc* On the Coast range, on a branch of or 

Salmon River, excellent lignite in a seam 4 ft. thick 

In the valley of the Bear River 3 seams of bitiiminotts coding 
coal, aggregating 21 ft., occur, and probably contain 150 million 
tons. 

On the southern tributaries of the Skecna River, lower Cre- 
taceous Coal-M<‘iisures, known as the Skeena Series, occur, as 
described in 1907 by \V. W. Loacli for the Geological Survey," 
in long narrow' liasins left in troughs of the folded underlying 
volcanic rocks, erosion having removed the more elevated 
portions on the ridges. In Morice River district coal has been 
found at (Clark's Fork, w'here j seams, totalling 7 ft., and a seam 
of 10 ft. hav(‘ been proved ; on (iohhlream, where bituminous 
coal is exp<)sed in 3 seams of 8, 61 and 3?, ft. ; and on Coal 
Creek, where hard eoal (xa urs in 4 seams from 4 to 7 ft. thick. 

On another tributary, the Telkwa River, coals varying from 
bituminous to semi-anthracite give the following analyses 
[117/p. I 04 l' 


SiMIII 

Moislun- 

Vol. 

P,C. 

A«b. 

Ca.S8inr Coal Co . 7 f( . 

IM)2 

.^ 0'45 

61-30 

6-35 

Telkwa M.M. and 1) Co. sj . 

i-3(» 

10-87 

80-82 

6'95 


Vancouver Fichh [No. 14 on Map]. - Tlie coals of Vancouver 
Island are, so far as determined, Upper Cretaceous, and occur 
in a series of rocks known as the Nanaimo Scries. This series, 
originally nearly 10,000 ft. thick, was, in post-Eocene times, 
elevated, foldetl and dislocated, and subsequently greatly 
denuded. The chief coal-bearing areas lie in low rolling and 
hilly country between the east coast and the mountains pf the 
interior. They consist of the Nanaimo field, with a productive 
area of 65 sq. miles, and, to the N.W., the Comox field. The 
Suquash, a smaller field in the northern end of the island, 
till recently quite undeveloped. Other basins probably cbs^. 
taining workable coal are Quatsino Sound, near Suqua^^, 
Albemi in the centre of the island, and Cowidian south 
Nanaimo. .1 f f 

, In Nanaitno field, the measures are described as 
disturbed with a low dip to the north-east. The coal 
chiefly in three seams in the lower part of the measures^ ! 
,,;9eains, though persistent, vary greatly in thicknes^ 
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» iiiw ot dM cod, 30 ft. thick, diminishes within a diHance 
too it to 2 w 3 ft. oi dirty coal. The coal cokes icaddy. A 
tlyiifeal analysis is : 

: Matotart. Vol.M*tt«r. f,c. Ajh, Sulhtur 

‘try coil. 

**® 397 47 7 I'J i 0*0 7.130 


The Cofnox field contains scvcial aius of wliich three have 
been mined, the lowest, 7 ft. thick at the I’lihin mine, biding the 
thickest. Mining centres round C uinlH ilaiul. wlu ie the seams 
attain their greatest importance. ('onio\ coal lias volatile 
matter 30 per cent., fixed carbon 57 p,T tent., and calories 
7,220. 

At Suquash, several seams onm, and two are workable. 
Unlike those of Nanaimo and Conntx, tin v are n gular in thick- 
ness, but are thin and mixed with pird'-tml " hone ' partings. 
Chie seam, 5 ft. thick, has been mim'd. Ihe available analysis 
indicates a water content of 5-2 percent, in an dried coal, and 
considerably more ash than in the more «;outli<'rn coals. 

Que^n Charlotte Islands 'No 15 on Map]. Coid both of 
Cretaceous and of Tr rtiary age^ i.s fimnd on ilu ve islands. The 
former ranges from semi-anthracite to l(»w-carbon bituminous. 
The Tertiary coals arc lignitu'. mostly brown with a woody 
structure, but sometimes pas^ing into a bla< k more cfiaMikc fuel, 
Tlie Cretaceous coal occurs chiefly in a synrline in the south 
of Graham Island, between the .Skidegate channel and Yakoun 
Lake. Outcrops of coal apparently from 6 to 12 ft. thick, are 
found at Camp Wilson, C amp Koberison and Camp Anthracite, 
The following are analyses of Graham Islam! Cretaceous 
Coals: 


Camp WUjon 

S»«i«turr. 

2'44 

120 

Vol. matter 

JS 9 »> 

1 ixtil C 

A»b. 

12'90 

Camp -Robertson . 

20* n 

47 W 

22*15 

Camp Anthracite . 

I 5 ^ 

8-69 

8067 

972 


NOair Cowgitz some of the .semi-anthracite contains nearly 
7 ^ cent of moisture, and is badly crushed. The mining ' 
^ coal was abandoned in 1871, but another attempt was ^ , 
iiia^.iA 1912, with what result is not recorded 
;^Ill ,the north-eastern part of the island, on the shore at 
Point, 10 seams of tough woody lignite, from i ft. to 
jdiidc»aree^ 
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r J^orihm British Columbia.^Jht most importailt) 

: discovered in this region are the semi-anthracites and 
dies of the Groundhog Mountain area [No. i6 on MapJ 
I latitude 57® N. It is estimated that 170 sq. miles aife tw*; 
bearing, and contain 8 seams aggregating 30 ft. in thickness* . 

Lignites occur on the Kispiox, Sustut, Peace and Liaid 
Rwers ; bituminous coal near Peace River cafion and on the' 
Taku River f 122/p. 14J. 

The actual and probable reserves in British Columbia are 
2.stimaicd to occur in the following proportions ; semi-anthra- 
dte, 1*9 per cent. ; bituminous, 85-4 per cent. ; low-carbon 
bituminous, 3 3 per cent. ; cannel, 2-4 per cent. ; lignite, 7*0 
per cent. 


Yukon Territory 

The coals of the Yukon are found in Tertiary and Jura- 
Cretaceous rocks. The most important coal areas, going from 
south to north are; WhiteliDrse area. Tantalus area on the 
Lewes River, and Rock Creek area. The first and second are 
Jura-Cretaceous, tin- third Tertiary. 

Whitehorse urea 1 107J. Three se.ims. 9 ft. 8 in., 10 ft. 4 in., 
and 2 ft. 0 in. thick, dipping 42° to the N.E., are exposed. 
The coal has 22 to 25 per cent. ash. 

Tantalus area [108J [No. 17 on Map].— The coals range from 
high-grade lignite, to coking bituminous coal. They occur in 
an upper horizon near the top of the Tantalus conglomerate, 
and in a lower horizon in the upper portion of the Lab^e 
rocks. 

In the upper horizon, at the Tantalus mine, three 
3 ft., 6 ft. 6 in., and 7 ft. 6 in., in descending order/ 


found, and assay : 





Seam. 

Muisture. 

Vol. nwUer. 

Fixed C. 

Ash. 

Coh». 

3' 0' 

082 

25* 1 2 

66-00 

8-03 

74*06 

0' 6' 

076 

*474 

58-60 

15-90 


/O' 

075 

23-01 

55-21 

20-43 

75*64 


At Tantalus Butte, across the Lewes River, the genera^ j 
ditions of the measures are similar to the foregoing, bw 
d)ai has been exposed. Moisture content is about 13 ^ 

,and ash 2-6 to 5-9 per cent. 
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'-'.'i’J&ch Cfuk area fri5].— Yukon Territory contains extensive 
|ii^ of Tertiary lignite. The largest area, comprising zoo sq^, 
jtnilcs, extends for 70 miles from Klondike valley W.N.W. to 
Cliff Creek. Several scams of lignite occur, and the most 
knportant property at present is that of the Sourdough Coal 
Co., on Coal Creek, a tributary <>f Yiiktui River. The scams 
^range in thickness from 4 to jo ft. 

The following are analyses of roal from Sourdough Mine 

[a/p. 518] ; 

Mi>Uturi' V<ij mnUef 1 lll^l C A<h 

• >4“)'' 3''' 4“ loiHi 

M-57 33-1 1 isi; 

The coal is used at Dawson. 


Xorth-Wi'st J'm Hotter 

According to D. H. Dowling 2/j). 521], ( xtensivc areas of 

actual " and “ probable ” hgnitc-l)eanng tn(..i.sures occur on 
the western side of (Ireat Bear Lako, m the valley of the 
Mackenzie River, and j)aruetilarlv in ibe delta region of this 
river [No. iti on Maj)]. 'I he Fort Norman Tertiary basin 
extends a short <li^taiK<‘ up (ireat Bear nvi r. and is estimated 
to contain 4.800 million tons of lignite in three seams reported 
to be 3, 4 and 9 ft. thick. 

In the region of the Mackenzie d< Ita, ('ietar(‘()us rocks, over 
a wide area, contain a fe^v exposures of (oal. On Hurtion 
river, S.W. of Franklin Bay, a 4-ft, seam and several smaller 
seams are found. 

Northern hhnids 

to the Northeni Islands, coal, and rannol-roal, probably 
fr^ the base of the CarlKuiiferous system, have been found. 
Tertiary coal lia.s been exposed on Baffin Islaiul, By lot Island^ 
aM ;On Elsmerc Island near Lady Franklin Sound. At Cape 
Mutchtion a 25-ft. seam has been reported. The probable 
of coal are estimated at 6.000 million tons. 


> Dn'clopment of Lignite in Canada 

^ Canada, as in many other countries, the conversion of 
.lignite into a higher grade fuel is a question of much 
wdortance, and, under Government auspices, is being in- 
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vestigated in Canada on the lines of briquettixig carWta^ 
lignite for the production of an artificial lignite. Sinxiladj^* 
in New Zealand, the use of “ brown coal in gas-prodacegfs 
and for low-temperature distillation is engaging attention^ and 
has been investigated to a certain extent with encouraging 
results fii9].‘ The use of coal generally in improved Wa3?» i$ 
referred to succinctly by James White [122/p. 24]. 

Powdered coal as a fuel is coming slowly but steadily 
into use, and, in U.S.A., about 10 million tons of coal are con- 
sumed annually in this form. Its uses and application have 
been dealt with by C. F. Hcrington [114]. In Burma the use 
of powdered Tertiary coal, generally hydrous and of indifferent 
quality, is now being investigated jointly by the Railway 
Department and the Burma Corporation Ltd. The almost 
perfect freedom from smoke when powdered coal is burnt is 
very striking. 


Newfoundland 

J. P. Howlcy. writing in 1913, states that the coal-areas of 
this island are still undeveloped, a fact due to the claim of the 
French to the exclusive right to the foreshore on the western 
coast under their lishing rights, while they held no power to 
work the mines. This impasse was recently ended. 

Rocks of the Carboniferous series occupy 1,100 sq. miles 
to the south of St. George Bay, and about 500 sq. miles in the 
Humber River valley and its branches. The former is regarded 
as an extension beneath Cabot Strait of the same series ia 
Nova Scotia. 

The Carboniferous scries in St. George Buy district has hejat 
much folded, and contains several small synclinal troughs. cl 
the “ Productive Coal-Measures." On the upper reaches ^ 
the Great Codroy River, a seam of 9J ft. thick and one 23.^' 
thick with 15 ft. of coiil are found in an almost vertical posi€<id[ir 
The coal is of good quality, but the seams dwindle in thielq|fE^ 
within a short distance. On the Middle Barachois 
seams, ranging from a few inches to over 5 ft., are expb$«^j^P 
oh Robinson’s Wver 3 seams are seen, one being 4 ft. 2 in. T 

* In N.Z. the term " lignite " is confined to fossil fuel regaining inoii.fl 
tho woody structure of the original components, while in Victoria^ A 
this fuel is termed " brown cool.” 



f die Honlber district on Aldery brook, 6 scanu, taagi^ 
to 6| ft. : on Coal brook, 6 ficams, ranging frortJ i to 
on Kelvin brook, 3 seams, ranging from to 6 ft. ; and our 
4j^O0^ brook, 9 seams, ranging from 1 to 35 ft., have been proved. 
: following analysi s arc of typical sunplcs of Newfound- 

;iand coal [2/p. 437 8] 

MU^turr Vul. rC Aftb. dulphttf* 

Bay St. George .17." 5447 10-43 3'04 

Hvmbar . . 5 .o -2^ 54<J3 **04 

It may be sumniari/cd that “ tluT<‘ ari' several seams in the 
diflerent sections large eimugli. and of sntlieiently good quality* 
to be reckoned as workable coal -''ca ins “ (llowlev). 

Tbxnidai), Ja.mak V. \ViNt»\vAiv‘i> I liKinsH Guiana 

(sei' p. I5‘'^) 


.AUSTK.XLAMA 

AI'S'IRALIA 
Xni' South ll’r^/rs 
Geology of the Coal-heanng Rocks 
The work of investig it<*r> on tins subject has been sum- 
marized by E. V. Pittman dii j). 309; (i), Government 
Geologist of New South Wah-^. in the following record : 


Gtologicnl A^-e 


Maxim-im Tliicktifis • 
of M»aU. 


I.t^ -dity. 


CbauActcT of CoaL 


I. Kainozoic, . About iiw ft 
Eocefie to PUoctnr 

II. Msaozoic.TfKw- ; AU-ut 2,500 ft 

tic Of Trias-Jura 


• Ki.tn ira. r.ulgouf.'' JJrown - coal Of 
(. hout.j li.iy.c-tc I Lignite. 


til. Paukozoic, 
PtfmO’Carbom- 
fnous 

tv. Pai-«ozoic, 
Cotboniferous . 


fl.ir«-ri<o and 
Hntimifnd H. 


Abt;ut 13,000 ft • j Northern. Sf/\ith- 
( ern and West - 
I <*rn O-allJ* Ids 

AtKiUt lo.oiii) ft I Stroud.i.t Hulluh 

I DcUh 

I 


Coal suitaUe for 
local uie only. 

Good ga«, bouse 
and steam coal. 

Very inferior coal, 
ivitb bands; ctf 
no value. 


* states 15,000 to O».ooo ft [126 p }iij. 

’y pMrmo-C<irboniferous rocks o« cur nortli of Stroud towards Want's 
and a jO'ft. seam of .mthraciic coal ul p*j»s»iWe value has been exposed 
wde to the of the measures '22O p. 279]. 

/ 7 . Kainozoic 

4 UgQite or brown coal, of undetermined but limited extent, 
been found in deep alluvial gold beds, overlaid by baiddt. 
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One deposit, 30 ft. thick, occurs at Kiandra, but, as a 
beds are from a foot to 3 or 4 ft. thick, and are, at 
no commercial value. ^ 


II. Mesozoic . ‘ ' r ‘ 

Pittman rc'gards the Mesozoic Coal-Measures of the,.' 
Qarence and Kiehmond district, south of the Queenidai^.^^ 



border, as either Triassic or Trias- Jura.* They stretch for 
about 120 miles along the north-east coast of New South Wales^ 

* Tbo wTiter, while vihitmg many years ago a “ Jeep lead " gold-mine netf 

Bfttlarat, was shown a similar brown-coal dep>osit. in which the bones of Ik 
giganiic Aungjroo, with a chisel-shaped bone implement alongside, were sldd 
to haw been found during underground operations. These remains art no^ 
in the Ballarat Museum. The implement is now' discredited, and the evidaAi^'. 
being consuleu'd inadequate, the matter is unsettled. ^ 

* Valuable seams of Mesozoic coal are being extensively worked 

border In Queensland, and B. Dunstan, Government Geologist, says '' 
after due consideration, the old term, *' Trias- Jura *' has been deleted, 

.terms ** Triassic " and " Jurassic have been substituted as the names 
individual systems in that State <]• r iL 
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■ ' 

extend northward into Queensland ; their greatest width 
“ from cast to west is 65 miles. 

These measures have been divided as under : 

SluUas. possibly containing coal seams rpiv*r Clarence Serial 

TUttck bedded sandstones {aUmt loo ti ) . . Middle Clarence Serial 

and sandstones (alxoit 300 to 1,000 ft ) with I 

coal icams > Uiwer Clarence Serial 

Thick beds of coarse conglomerate . . . j 

From the lithological similaritv of ihcsc measures to the^ 
Hawkesbury Sandstones tiny were foinurly regarded as 
Triassic, a view which might reci itc some hupport from the 
fact that both the Clarence coal and the Ipswich coals, with one 
doubtful exception, lie beneath identical massive current- 
bedded sandstone. The Ipswich coals (excluiling the Walloon 
series of the same district) are referred to the Trias by Dunstan 
[127/p. 3] and A. IT Walkom 1133]. There is a frequent 
occurrence in the Clarenca* inoasure^; of Taniopims Daintreei, 
a fossil not found in thi' Hawkesbury Series. 

According to J. K. Came 1124/p. the only coals of 
the basin occur in the lanver Sc ries. Then- are at least five 
seams of coal with intei.stiatilied shale bed^ varying in thick- 
ness from 2 to 37 ft., w'itli rarely more than a foot c)f clean coal 
between the bands. Ihe coal is high in Wxrd carbon, com- 
paratively smokeless, and remarkably free from sulphur, but 
high in ash and unsuitable for other than local use, as recently 
confirmed in a report by Came [125). 

On, the western side of thc^ Main Divide ihc? Middle Clarence 
Series is also found, dipping westerly under the central 
plains, and is regarded by Pittman as forming the southern 
extension of the intake beds of the great Australian artesian 
water basin. Many artesian water bores put down over this 
great area {569,000 sq. miles) [134] have passed through coal 
of undetermined thickness and quality, but in any case the 
presence of water under pressure in the strata renders the 
possibility of coal-mining most unlikely. 

III. Palaozoic—Pertno-Carbofiiferotis 

The Permo-Carboniferous coal-fields of New South Wales 
Jwe be^ divided into the Northern, Southern and Western 
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groups, which, however, are merely geographical divisions ^ 
one large coal-basin. 

While the area covered by this system extends over some 
16,550 sq. miles, these coal-fields are practically comprised 
within a rhomboidal-shaped figure, of which the four angles are 
at Newcastle. Wollongong, Wallerawang and Scone, and of 
which the extent is about 8.000 sq. miles. Coal occurs beyond , 
the limits of this ar(‘a as, for example, to the south and west of 
Wollongong, wlieie, ht)W(‘ver, it is of little present value,' and 
far north at (iuniK'dah, wIkto a limited (juantity of good coal 
is found. 

The Permo-CarbonifiTous system, with the overlying Triassic 
and underlying C.uboniferous, may be tabulated as under: 

Tbicknm in feet. 

Triassic llaivhfshury divulfd into 

Wian.im.ill.i Sh.il's. 1 lawkobury 
Nari.il)' i-n li' ds 

Vpf'er. or Seu i lUitu aru and I lih- 

I rfshuatn (\>al~Mfa'>nft">. \Mtb 
an .ij-i’.M'K.iU- t>f jS to .]o ft of vvurk- 

al)l.“ uKvl I,.|00 to 1,500 

fre->hnater bnh . . . 2,200 

Middle, ir I (>ma;;o. ur I a\t Maitland 
( <Hil Mean’ll , with an a^Kn of 

PbRMO' about iS ft <^f vvorUablr « o.d 500 to I,8oo 

CARUONiFEROirs T/'/'t'r Manne Ifed^ . . 5,000 to 6,400 

Lihitr, t'r i'lffta. and ( lyde Uixet CaaU 
prolxablv rntmdv fresh- 
water, with an auprcfjatt. of alK>ut 
:o ft of workable to.il . . loo to 30O 

I iiuer Manne Heds (Basal beds 200 ft 
thu k , contain numerous ue-groovcil 
j pebblts) ..... 4,800 

\ Total maximuin thickness . . 17,000 

Carboniferous 

General Revieu’ of the Coal-fields 
Pittman [131] giNvs a general review of these coal- 
measures, of which the Northern, or Newcastle, coal-field has , 
been described in exhaustive detail by T. W. E. David 
[ia6], the Southern, or Illawarra, by L. F. Harper [129], imd ' 
the Western, or Lithgow, by J. E. Came [124]. 

For descriptive purposes it may be taken that the centre ' 
of the basin occurs at or near Sydney, where the supposed 
most, or “ Bulli,” seam is being worked by the Sydney Harbw^' 
Colliery at a depth of 2,882 ft. The strata rise from this 
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low iingle to the northern, southern and western coal-helds, 
in each of which certain coal-seams are extensively worked. 
It has, however, to be noted that the quality and thickness of 
the individual seams are, as might be expected over such a uide 
area, subject to great variation, so much so that the valuable 
^ams of one district arc frequently of little or no value in the 
other districts. Further, it may be admitted that surface 
contour or other conditions did not admit of either an inter- 
rupted growth or depositiun of e«)al-foimmg vegidation on a 
given horizon over the wliole basin, and that from llris cause 
one seam or another may be ab'.ml within certain areiLS. It 
would be imprudent, llanfote. to insist in every casi.^ on a 
definite correlation of coal-seams over long ilistances where 
the available evidence is still scanty. 

The Upper Coal-Measures of the Northern coal-field have 
their continuation in those of tlx* Nmtluin and the Western 
coal-fields, and in those tappet! under Sydney Ihubour. The 
“ Waliarah, ' or No. i. '^eam th<’ noitli may be correlated 
with the “ Hulli," or No. i. ■^eani f>f the soutli, and with the 
Katoomba, or No. i. seam of thr wrst. all of wlueh form the 
top of the Permo-Carbomferous s\vtem, and .irc immediately 
overlaid by the Triassic. It has bet u n.sn.iilv hehl that the 
prolongation of this No. i seam was to be found in the topmost 
seam beneath Sydney Harbour, but .^oine doubt has been 
thrown on this correlation by L. F. Haipcr, who, from his 
recent investigations in the bonthern ro.jl-tn Ids, ronsiders it 
probable that the “ Ibilli " seam and th<* imdeilying ' Four 
foot ** seam gradually died out t(Avard the Syriney area, and 
that the seam there worked is the third, or " Dirty," seam 
of the south [129/p. -05]. 


The Upper Coal-Measures 


SttUB*. 

t. Waliarah 
%. Great Northern 

3. Faaui^ 

4. tJppei Pilot . 

5. tower Pilot . 
Australian 

7/|kttwood 


Serthern Coal-field 

Thirknr«. 

. Abf)ut ir ft. 
About 20 ft. 

. Up to 25 ft. 


. From 7 to 29 ft . 

7 ft. worked 
. From 6 to 8 ft. 


CluriirtfT, 

Sphnl, steam coal 
Splint and bitummooi 
coal y 

Contains many bandi 
N t workable 
Not workable 

Mostly Intumiooua 
Bituminous 
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tcMU. TUcksc«i. dwnel^ 

t Nobby« .... Not workable 

9. Dirty . . . . 6 to 10 It. ; splits 

into two seams in 
places 

JO. Yard .... About 3 ft. 

11. Borehole . . . From 4 to 22 ft.. Bituminous; of ex* 

usually 8 to 0 ft. cellent quality 

12. Upper and I./)wcr Sandgate From 4 to 6 ft. Usually not workable 

The Wallarah, Great Northern, Australasian, Burwood and 
Borehole seams only are being worked. The Borehole seam 
has, on account of its superiority as a hotisehold and gas coal, ' 
been by far tlie largest contributor to tlu; output of this, the 
most important coal-field of Ninv South Wales. It is, however, 
becoming rapidly e.vhausted in the Hunter River Delta area, 
and is yielding place as premier producer to the Greta seam of 
the Lower Coal-Measures. 

Further reference to quality will be found under analyses. 
The other seams, so far as proved, are valueless under present 
conditions : 

Simt/i/rn Coal-field 

8«uns. TJiloWin NX Character. 

1. Bulli . . .» to n ft . usually Scnn-bituminous, cJc-’ 

(> to 7 ft ccllent steam and 

coking coal 

3 . Four Foot . . . AlK)ut 4 ft Scnn bituminous 

3. Thick, or Dirty . . Ahiut 17 ft. Quality variable ; po** 

sibly workabie in 
the future in parta 
to the south 

4. Oil Shale , . . Kerosene shale ; for- . 

raerly worked on 
.small scale at Mount 
Kcmbla Colliery 

5. Unnamed , 

6. Unnamed . . . Between Nos. 6 and 7. 

siUcifird wood horizon Not workable 

7. Unnamed . , ,0 ft., mcludmg numer- 

ous bands 

No. I seam has been extensively, and is increasingly worked 
from Mount Kembla, near Wollongong, northward to the, 
Metrop<.>litan Colliery, a distance of 22 miles, and No. 2 has beei^ 
mined to a small extent. In the district south of Motmt 
Kembla No. i seam thins, and eventually disappears ; Npi 3 ' 
continues further south, but deteriorates; No. 3 improves- 
greatly within limited areas : and No. 4 seam improve in thjek*/^^ 
ness and quality. The other seams are consistently infeiwfeJ;' 
and finally disappear in the same direction. 



At tte main shaft of the Metropolitan Colliery the Biilli 
seam is 12 ft. thick, but, at 3i and iij miles to the north, boring 
proved it respectively 4 ft. 8J in. and 4 ft. 2 in. thick, while 
C<»Tespondingly the Four Foot seam was 6 ft. i in. and 5 ft. 3 in. 

The Southern coal is an excellent steam coal, largely used 
by the ocean-going steamers visiting Austr.ilia ; coke made 
from it is exceedingly strong, and suitable for smelting purposes 
in blast furnaces. 


ScaoJB. 

1. Katoomba 

2. Dirty 

3. \ Coal horizons 

4. J- marked by thin 
3. j coaly streaks 

6. Upper Irondalc . 

7. Lithgow . 


Coal fitld 
TlmViir-x 

. Frtiiii tij 0 ft. 

. I'p to ib (i., un.hidini’ 

b.inds 


. From ) to b ft. 

. AUnit itj ft (lowtr 
o ft wt-rkrd) 


Ctwrftclcr, 

t.hi.ihtv mdillerent 
Ni. \ MMin of Southern 
to.al'lu'ld 


U.itlu-r hi){h in ash ; 

used !(>cal)y 
r.iH-d stram and coking 
rr..il 


Seams No.s, i and 6 liave been woiktMl only lo a small extent ; 
all the collieries in the Liihgtjw v.illry, .uid snmo in the WalJera* 
wang and Cullen Bulieii area in the wrstein part of the dislricti 
work the No. 7, or " Lilligow,” seam. 

The coal is a good steam coal, somewh.it inferior to the 
Southern coal, from which it differs in ha\ing a higher per- 
centage of hygroscopic moistuic, volatile liydrocarbon, and 
ash, and a lower percentage of fixed carbon. It produces a 
coke useful for metallurgical purposes. 

Carne [124/p. 219] gives the following comparison of coal 
from the Southern and Western coal-fields 



'^vuihftu 

'ul<4 



Hulli Sctim 
1.. toUlrrjo 

1 nhi:fm 
Vallry. 

. 7 Vt'UicTjr-s. 

WiUlfrawMig* 

; CuUcQ Bulka. 

I 9 Collieries. 

Hygroieof^ Moisture .... 

Matter 

Cnrbon 

0-97 

2510 

65 2U 
10-67 

i 1-83 

i 3>‘lo 

54 b2 

1 12X2 

I 2’6a 

2976 
j 53'« 

} 1379 


100 00 

! 99V7 

j 99-99 

in coal 

0-462 

1 0’^55 

1 0*534 
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If Irondale colliery, which works No. 6 seam, be omitted, 
the Wallerawang is slightly less in ash than the Lithgow VoUey 
group. 

The Middle Coal-Measures 

These measures outcrop at East Maitland on the Hunter 
river, VV.N.W. of Newcastle. The coals are of both splint and 
bituminous orch^r, more tender and friable than those of the 
Upper and I.owct ('oal-Measures, and suitable chiefly for steam, 
gas, smithy and domestic purposes, but not for export. The 
seams arc subject to stditting by bands, which frequently 
increase to great thickness. The principal seams, of which the 
most important are the second, third and fifth, are as follow : 


Summary of Tomago Coal Seams 


1. Top Seam, or Donaldson's Scam 

2. Big Ben, or 7 'omago Thick Scam 

3. Tomago Thin Scam . 

4. Scotch Derry Scam 

3. Rathluba Seam . . . . 

6. Morpeth 


Tbickufu in ft. Thlcknm worthed. 
4 to 6 3 

7 to 10 — 

to 3 — 

— Not workable 

5J to n 4 to 4 

4 ! to 8 Not worked 


The aggregate of coal is about 40 ft., of which a thickness 
of about 33 ft. is iu seams upwards of 4 ft. thick, and the total 
thickness worked is about 18 ft. 

A typit al analysis of T'ornago coal is [132] : Hygroscopic 
Moisture, I -60 ; Vol. matter, 35-85 ; Fi.xed C., 53-85 ; A^i, 
870 ; Sulphur, 1-222 ; vSp. gr., 1-336 ; Coke, 62-55 ; Evapora^ 
tive power, 12-5. 

These measures are not represented in the Western Coal-field, 
or in the southern part of the Southern Coal-field, where in 
both cases the Upper Coal-Measures rest on the Upper Marine 
beds ; but a borehole put down in 1891 at Bulli Colliery on 
the flat between the colliery and the sea intersected, at a.j 
depth of 717 ft. below the lowest coal scam of the Upper Coal*. 
Measures, a seam of coal and bands 7 ft. 4 in. thick, probably? 
referable to the Tomago Series [123]. In the absence of bor«*?s 
holes of sufiicient depth, the southern and south-western 
of these measures are still imdetermined. Their northe^; 
extension is still uncertain, but Pittman and David adtttlt 
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of thdr coalescing with the Upper Coal-Measures at 
Rfac^S Creek, near Singleton. 

Beneath these measures there follows the Upper Marine 
Series, with the last evidence of the glacial action begim in the 
lower Marine Series, and continued through the intervening 
Lower Coal-Measures. 

The Lower, or Grctif, Coitl-Measure$ 

The general description given by Pittman and the details 
amassed by David present a very eoniplele picture of these 
measures. They consist of sandst<me sliales and a charac- 
teristic bed of conglomerate usually ( Hanning between the 
two coal-seams of the scries, but occasionally found between 
splits of the upper scam. Their total thickness ranges only 
from 120 to 200 ft., yet, from the point of view of quality and 
productivity, the series, in the 15 iml<‘s of country between 
West Maitland and Ccssnock. lias b« c(»me the most important 
coal-mining district in .Austr.ilia. 

The upper scam v.irics in tliickm from i.t to 32 ft., and the 
lower scam from 3 to 1 1 ft The fornuT was worked for many 
years prior to 1886 at the (}rota and the ad jeaning .Anvil Creek 
colliery on the western si(le()f the l.u< liinvar anticline or dome 
and at Homeville Collury on the ea^l(‘rn side, but, by far its 
most important development, between Homeville Colliery and 
Cessnock, was disclosed in that year by David and his 
geological survey party. The importance of this discovery, 
now fully appreciated by c(»llicry companies, is shown by the 
production from this seam in 1917 being nearly 60 per cent, 
of the output from the Northern ( oal-lield. 

The coal breaks with a conchoidal fracture, and is somewhat 
cannel-like in appearance. It is hard, clean, and suitable for 
gas-making and household purposes. It is a useful steam-coal, 
^ut rather fast-burning and smoky ; the sulphur content is 
rather high, particularly in the " brassy tops " of the upper 
which, on account of their character, are usually left as 
a ro^ in the working places, and are consequently lost for ever. 
'Ipioatilphur contents and the cannelly nature of the coal, with? 
a; Consequent low ignition point, tend to induce spontaneous 
ji^bustoL These characteristics, further, may account for 
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the weathering of the Greta coal-seams at their outao|> 
exceptional degree, as the writer has personally observe. 
David, citing an instance of this, says, The entire ^0 ft. 
of coal, as it approached the surface, was represented by a 
few inches of perished coal, or black-peaty clay," and "it 
has often been found necessary to tunnel for a distance of 
8o to a TOO yards before the coal makes its full thickness," 

In the " Binning Mountain " at Wingen, 90 miles N.N.W, 
of We^t Maitland, tlie Greta scam has, through spontaneous 
combust i(jn, bee n burning for a period of at least 1,000 years 
according to an istimate by David [126/p. 190], who, in the 
same Mevwir, p. 144, states that the Greta scam, in the Cess- 
nock district, has been on fire in prehistoric times along the 
outcrop for a length of 15 miles. 

The outcrop of the Greta measures laps round the Lochinvar 
dome, from which coal-bearing strata, probably amounting to 
9,000 ft., have been denuded. In addition to this barren area 
there are large portions of country where the steep dip of the 
measures takes the coal rapidly to an unworkable depth 
beneath the Middle and the Upper Coal-Measures. 

The characteristic lH‘d of conglomerate previously referred 
to can be traei'd for over 100 miles from West Maitland to 
Wingen. Again, in a direct line i()0 miles due north of Wingen, 
at Ashford, south of the Queensland border, there occurs what 
is probably the eipiivalent of the (irola Coal-Measures, includ- 
ing a fine, but highly inclined seam 30 ft. thick [126]. Some 
400 miles further north, on the Dawson River coal-field, in 
Queensland, west of Rockhampton, an ii-ft. scam of fine steam- 
coal, capped by mutine stnila, was discovered by B. Dunstiin 
[i28],‘ and described by him as the best steam-coal yet found 
in Australia. This also is supposed to correspond to the Greta 
horizon. Again, 200 miles further north, in the Bowen River 
coal-field, R. L. Jack [130] has described four seams over- 
laid by marine strata rich in the fossil brachiopod, Sirophalosia^ 
as are the Upper Marine beds of N.S. Wales. If the correla- 
tion of these several occurrences with the Greta measures W 
correct, the distribution of the latter in isolated patches 
of Maitland e.xtends to 900 miles. 

* Calorific value, 7,763 ; Evap. power, 
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Ati Immem area south of the Newcastle coal-fieM probably 
contains these coals, but at unworkable depths. Only on the 
Clyde river, i8o miles S.SAV. of Newcastle, are patdies of 
Greta coal again exposed. 

In Victoria the Greta Coal-Measures have not yet been 
found, though possibly their equivalent horizon is the Ganga- 
mopteris sandstones of Bacchus Marbh. Tlie known Permo- 
Carboniferous strata of Victoria belonj^ elut-tly to the glacial 
horizon of the Lower Marine Scrit^'^ of N.S. Wales, and David 
expresses the opinion that *' it is not inipri»bable that coal 
may exist in some part of the extensive conceale<l areas of the 
Victorian Permo-Carboniferous Kuks." Thin coal-seams of 
excellent quality, the o(jiiivalents of the (ireta horizon, occur 
at Preolenna in the nortli of T.isinania. Lower Marine glacial 
beds are found in South Austialia, and A. G. Maitland 
refers the coal of the Irwin liver, above (idaldlon, Western 
Australia, to the Greta horizon, in spite of ib hydrous character. 

I V. Piil(i’o‘:(nc — CuPumijcious 

The physical conditions under which the rocks of Carboni- 
ferous age in Australia weie laid down differed greatly from 
those of Permo-Carboniferous times. Ft*ssil, and in places 
stratigraphical, evidence of a marked liieak between the two 
p^iods exists. 

During the earlier period there was intense volcanic activity, 
accompanied by considerable (»scillation of the earth crust, 
resulting in the elevation of certain areas above, and the sub- 
sidence of others beneath sea-level. The advent of the Permo- 
Carboniferous period coincided with tlie appearance of the 
retuarkable and widespread glacial conditions common tc 
Australia, South Africa, and nortli of the equator, to India, 
Ne# forms of plant and animal life supervened. Lepidodendrm 
and the Rhacopiens fern, wdiich flourished over Australia 
FkiUipsia, the last Australian trilobite, and many of the co^ 
iamporaneous brachiopods, became extinct at the end of ih 
C^boniferous period, and the reign of Glossopieris and Ganga 
flora in the Permo-Carboniferous age was established 
^ Thh Carboniferous strata of N.S. Wales contain no coal 
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seams of commercial value, so far as known. Strond, 

40 miles north of Newcastle, a 5-ft. seam of very inferior stony 
coal and coaly shale occurs at the top of this system. SimiWiy, 
at Irrawang, nearer Newcastle, thin seams, full of bands of 
clay or volcanic ash, are found. These evidences, and the 
wide distribution throughout the measures of volcanic dust, 
lava and volcanic mud render the existence of any clean coal 
improbable. Rhacopieris fern leaves and impressions of 
Calamitcs are numerous, and form a useful guide in distinguish- 
ing the rucks of this systoin from the Permo-Carboniferous 
strata. 


Analyses of New South Wales Coals 

The Sample^ analysed represent the Coals as sold 



No. of 1 
•ample*. 

Mois- 

ture. 

Vol 

nuitter. 

Fixed 

Carbon. 

Ash. 

Sul- 

phur. 

Spedfle 

gravit;. 

awp. 

power. 

Northern Coal-field 









Upper Coal-Measures 









Borehole Seam 

36 

— 


— 

1 7-32 

! 

X*3a2 

12*83 

Burwood Scam 

15 

— 

— 

— 

8-29 

! — 

— i 

12*68 

All seams 

78 

2 01 

3601 

53- “27 

8.71 ! 

0-468 

— 1 

12*70 

Mtddle Coal-Measures 

5 

1-88 

3571 


9-04 

ri85 

*•350 1 

13*50 

Lower Coal-Measures 

3 * 

1-89 

4035 

50-51 

6-25 { 

1-014 

V 

13*20 

(Greta) 





i 


Southern Coal-field 







1 


Upper Coal-Measures 




— ^ 





No. I (Bulh Scam) 

-*7 * 

— 

— ! 


10-94 

— 

— 

12*80 

No, 2 (4 Foot Scam) 

4 

— 

— ! 

— 

12-24 


— 

12*50 

No. 3 (Dirty Scam) 

4 

— 


— 

I 5 ’ 9 i 


— ■ 

— - 

All Scams 

35 

071 

^3-65 

63-98 

11-66 

I 0-470 


12*00 

Western Coal-field 
Upper Coal-Measures 


2-05 

3^-31 

■530^ 

12-56 

0*672 



(See p. Ill .) 
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Outputs of Coal for Years 1913-9 



Northern District 

Western District. 

SouUMm OMIct 

Year. 

Quantity. 

Value. 

QuanUty. 

Value. 

QuiAtltJ. 

Vetui : 

1913 • 

7,402,627 

" £ 

2,892.256 

930,066 

£ 

239.694 

2.081,472 


1914 • 

7 .** 3 . 99 * 

*.734.87* 

913.890 

253.494 

a.362.74* 

749*34^ 

* 9*5 . 

6,307,015 

2.397.833 

880,595 

242.481 

3,261,398 


19*6 . 

5.3* *-^^32 

2,406,265 

966,396 

269.393 

*.848,933 

9 S 0 JO 7 ? 

1917 - 

5.380.957 

3.074.966 

1,070,041 

1 427,667 

i, 8 ii, 8 ^ 

1918 

5 , 966 , 926 | 

3.481.418 

1.111,672 1 

1 481,940 

*. 9^»578 


19*9 • 

5.629.253 1 

3.795.244 

*.*75.727 

1 549.599 

*. 82«»574 
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Coal Rtter^es 

Based on the assumption that the workable coal extends 
over an area of 16,550 sq. miles, and is of available thickness 
only 10 ft., and deducting one-third, E. F. Pittman estimates 
the available coal within 4,000 ft. depth at 115,346 million 
tons [2/p. 12]. 



Queefisland 

An eminent geologist, when referring in 1872 to the geology 
of Queensland, stated, " It is doubtful if true Permian and Trias 
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exist or are represented on the Australian Coxttinajt^*' tie 
reference to “ true Permian ” probably indicates that doubt 
which gradually found definite expression in the present inde* 
finite designation, Permo-Carboniferous, for strata in Australia 
of Permian, and possibly of partly Carboniferous, age. 

But, according to B. Dunstan, Chief Government Geolo- 
gist of Queensland, coal is found in this state in rocks of Ter- 
tiary, Cretaceous, Jurassic, Triassic and Permo-Carboniferous 
age. 

The relative age of Queensland coals, as at present under- 
stood, is as under, from I'ertiary to Triassic [i2l/p. 4]. 


Tertiary : 

Watrqurk Crct k .... 
Cretaciious (freshwater und marine deposits) : 
(Upper) Jiiirrum Senes (freshwater) , 

VV inton Senes (freshwater). 
(Lower) Maryborough Senes (marine). 

=* Rolling Powns Senes (marine). 
Jurassic (exclusively freshwater deposits) : 
WalltHin Senes 
.-■= Parling Downs Senes. 

- '1 1 . 10 ) Senes 

? . Laura (Cnoktowii) Senes. 

? I’enuiMila SencH. 

? -Styx Senes 

? - St.invvell Senes [No, 22 on Map]. 

? Callide Senes. 

Triassic (e\ilusi\ely freshwater dejiosits) : 
ilundamba Senes 
‘ ' Land.sl'K)roiigh Series. 

Helidun Senes 

IpswK'h Series (lingalpa, etc.) 
Permo-Carboniffhous ; 

Upper ('oal-Me.isures. 

Upper Marine Senes. 

Lower ('oaLMeasures. 

Lower Marine Senes 
Loc. Dawson River. 

Mackenzie— Central Railway. 

. Clermont. 

Nelxi, 

IVjwen River. 

Carboniferous : 

Star Series. 

? Lower Gym pie Series, etc. 


Brown coal. 
Coal-bearing. 


Coal-bearing. 


Coal-bearing. 


Coal-bearing. 


Tertiary Coal-Measures 

Waterpark Creek brown-coal area lies 34 miles N.N.E. 
Rockhampton, and is the only known brown coal in 
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I<md|f357p. 31:6]. It occurs in scams, aggregating 57 It. 


in tUckdess, and, though hydrous (sec Table of Analyses), is 
of good quality. It is still unworked. 


Cretaceous Coal-Measures 

The most important coal-seams of this scries are thole of 
the Burnim coal-titld in the coastal district, between 8 and 20 
niiles from Maryboroii|i;li, wliere coal of excellent coking quality 
is mined. The measures (Upper Crt'tact nus) rest conformably' 
on the marine beds id the Marvboro\igh S rios (Lower Cre-^ 
taceous), the equivalent of tin? Killing Downs S<Ties. These 
marine beds, which extend over pnjbably 1,200 sq. miles on the 
eastern coast, arc .i usrful guide to tlie position of the coal- 
seams of the overlying and frequently detritus-covered Burrum 
measures [127/p. iMdi 

In Central Quet'nsland a stn'teh <»f country from north of 
Hughenden to South of Wiiitim, 200 miles long and 70 miles 
wide, occupied by Critaceous rocks (the e<|uivalent of the 
Burrum Coal-Measuro). is known to he coal-bearing. This 
area is within tlie great artesian watei -basin, and has been 
extensively bored for water. Some ((nd-seams have been 
proved in this way. both at shallow deptlis and at from 1,000 
to 2,000 ft., but little is known ii'ganiing them, and it is, more- 
over, not clear that coal-mining in the water-bearing strata 
would be feasible. Dunstan mentions that north of Warreah, 
near the Flinders river and 40 miles r.ist of Hughenden, in a 
shaft sunk to work a thick seam [lyrP’ lOj. “ l-^rge quantities 
of water were struck at 500 ft. and pre'Veiitcd the shaft being 
sunk to the depth required.” He. however, thinks that pro- 
specting for coal in these western districts is warranted, except 
kt ppihts close to and consequently conqx ting with coal of an 
older series and generally of better quality. 

, : In reference to this district, J. H. Reid, Government Geologist, 
Mn ins report on the Glossopteris beds at Bett’s Creek [142], says 
ft is probable that the coal-bearing shales of the Flinders river 
tbe coal-beds found in the Blantyre bore (10 miles nortii 
' i)f 'Warreah), at depths of from 400 to 500 ft., where they fie 
containing marine Cretaceous shells, belcmgto 
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the Permo-Carboniferous or Lower Mesozoic/* anii " we ftmy 
reasonably expect to get Permo-Carboniferous beds undeir Ae' 
newer formations of the central plains of Northern Queensiand.^V 
It may be noted that coal in the Westphalian and the Kent ^ 
coal-helds is worked beneath water-bearing Cretaceous bed^ 
with due precautions. Reid, referring to Bett's Creek Ghssop^ 
ieris beds, states, “ Glossoptcris has never been found in other 
parts of Australasia above the horizon of the Upper Coal- 
Measures " (Penno-Carboniferoiii). 

J itrassic Coul-Measuics 

In 1915* Uunstan classilied the Walloon Series of the Ipswich 
district as Jurassic, thus separating it from the Ipswich Coal- 
Measures and Bundamba Series, which he placed as Triassic 
.[127/pp. 2 and 25J. This classilkation has been lately sup- 
ported by A. B. WalkonTs examination of the flora of the 
Walloon and Ipswich measures Dunstan, at the same 

time, stated that the old term “ Trias-Jura ” had, after due 
consideration, been changed to “Triassic" and “Jurassic” 
as the names of individual sy>tems. 

The important members of these measures, tlie Walloon 
Series in the district to the south of Ipswich, and the Tiaro 
Series west and south of Maryborough, are, with the somewhat 
doubtful Jurassic measures of the Peninsula, Styx, Stanwell 
and Callide coal-fields, found in the south-east quadrant of the 
State. The Laura Series, on tlie Endeavour Laura and 
Deighton rivers, to the west of Cooktown, in the far north, 
is the only outlying area of these measures. But, according 
to Dunstan [136], the extension of the Walloon Series may 
be traced from the Maepherson Range, on the southern Queens- 
land border, through Chinchilla and Roma, and along the Great 
Dividing Range to the extreme north of Cape York Penui$ttl% 
a. distance of 1,300 miles. 

Triassic Coal-Measures 

So far as at present determined, the Bundamba Series, 
the equivalent Landsborough and Helidon Series, ^ 
Ipswich Series comprise the Triassic Coal-Measures. " " 
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Petmo-Carboniferous Coal-Mcamm 



: The ducf coal-resources of Queensland are undoubtedly to 
be found in these measures, and it is probable that the quantity 
Will eventually be found to be largely in excess of Uie con- 
servative official estimate. 

From a point on the Dawson river, 150 miles west of Mary- 
i^rough, an area occupied by rocks of this system extends in 
a north-north-east diivctiun lo the I^(twtn river, and has an 
average width of 100 miles In this area, ecpial in extent to 
nearly two-thirds of Kngland and Wales, coal of excellent 
quality is exposed at many points, such as the Jo-ft. Mammoth 
seam on the Central Railway in the Ma< keii/.ie river area, 
the 66-ft. seam of the Clermont area in lla* west, and the 20 tO 
a^t. seam of the lloweii area in the i-xto ine north. 

Geological mapping of (he l>(»wen river district (137] 
[135/p. 215] shows the cf>al-mea^<uie.s to hr wiil deiined, resting 
conformably on a series of bed^ of eongluiiu late and agglomer- 
ate made up of volcanic material, and ovci laid by a great thick- 
ness of sandstone, etc., containing abundant marine fauna. 
These underlying and overlying beds are considered to be the 
Upper and tlio Lower Marine Senes of the Permo-Carboni- 
ferous, in which case* the ctKil-nieasiiies are the equivalent of 
the Lower or Greta Coal-Measures of New South Wales. 

In this district about 30 sq. miles of the LJpp<.*r Marine beds, a 
very small portion only of the kiicjwii area, has been examined. 
The coal-field contains four scams, of which the thinnest varies 
in thickness from 2 to 6 ft. and the thickest from 20 to 29 ft. 
Ttie quality of the coal appears in jilaces to have been affected 
(^rimentally by intrusions of igneous rock, but elsewhere it is 
sdmost all tliat could be desired, and, on completion of the 
itilWay to the coast, the coal should command a coastal and 
import market. Recent boring has proved seven seams, of 
winch five are considered workable, and the Mines Department ' 
^ £9x7 recommended the construction of a railway to connect 
with Bowen. 

" tho possible hidden extension of the Permo-Carboniferoui 
pMlUfWS has been already referred to on pages 1 19 and X 20 . 
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Coal Reserves 

Queensland, with its area of 670,500 sq. miles, may be 
described as a country rich in coal. The chief reserves Ue 
in the south of the State in its coastal and eastern part. The 
more accessible deposits have been brought under limited 
contribution, but the bulk still remains little prospected and 
wholly undeveloped. Nor is this strange in a country with a 
population of but one person to the square mile. An estimate 
of coal resources must, tlien fore, be largely tentative. The 
official cstimatt'. made apparently on conservative lines, about 
1912, is : 

Tons (metric). 

Actual Resj'rvn . . , 12,000,000 

IVoluble Kcscrvfs . . . 1,085,000,000 

l\)SHlblC Ib'HiTVf . . . I5,12 2,<M>0,000 


Table oj Proximate Coal Analyses* 


Nos. on .Map 

1 ,M<ii>liirr 

Vnli.lllc 

Ihfiro 

I'iirlx'ii-' 

I ixcU 
CarlK'ti. 

Ash. 

ttstlauted 

Coloilct. 


' lOwi). 

K.un;. 

K.inisC. 

Range. 


I. Beaudcik'rt Area . 

8 2 

|o 1 1 

58-1 ) 

25-11 

6.802 

2. Ilurruni Area 

t «' I 

II -2} 

<»8 1)2 

8-4 

8,070 

3. Cal lido Creek 

12 oS 

28-2) 

SO- .11 

20-4 

7.051 

4. Chinchilla Am . 


No re 

i.ible analv.sis 

5. Clermont An a 

6. Cooktown Field . 

5 0'.8 

S,' 21 

53 

10-4 

7,726 

8 


7--34 

26-8 

7.*49 

7. Dalby Aresi 

b -5 

|u to 

42-41 

U-13 

7,027 

8, Dawson Hiver 

.t-I 

1,4-0 

80-74 

17-4 

7.763 

9. Hughendeii Area . 

‘5 7 

J^-i8 

. 51-34 

3 i-« 

7,060 

10. Ttwwich Area 

2-0*7 


72 -.50 

21-4 

7.467 

11, IjiSWirh (WjUIoou) 

1 s t 

•i«- -23 

48-20 

25-0 

7,096 

I a. lattle River 

.1-1 

20-0 

83-58 

17-6 

7.607 

13. Mackcnido River 



(Central Railway) 


^-7 

«i -43 

29-5 

8.093 

14, Mount Mulligan . 




— 

7.093 

15. Nobo (Bee and Walker's 





Creeks) Area . 


12-8 

84-61 

16-3 

7.314 

lb. Nundah — Eagle Farm . 

o-o() 

- 35 - I 

.55-30 

26-19 

7,006 

17 . Styx River . 
to. Tiaro Area . 

2 ~l 

31-22 

64-59 

I 2~3 

8,034 

12-10 

3 - 1-3 

00-39 

21-4 

7.036 

19. Toowoomba Area 


40-26 

42-6-40 

17-14 

ao. Warwick Area 

5 -*l 

44-30 

44-37 

16-9 

6,785 

21 . Waterpark Creek 

107-10-2 

41-5-40 

43-39 

10-6 

6,fea . 


Not $. — Many other areas exist m the State, but there is no dirwt 
of their being actually or probably productive. 

V The output of a>al in 1015 was 1,024.273 statute tons, or 8*3 per c 
the total Australian output, or 0 082 per cent, of the World’s output, 
output in 1019 was 931,631 tons. , 

* For complete table of analysis see [138/p, 262]. For cod 
U9/P. *49) [*38/p. 243 ] [*40]- .;V P 
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South Australia 

The known coal deposits of South Australia are of very 
lifted extent^ and their economic value is still doubtful. They 
are dassihed as follow : 

1. Tertiary. Lignite in the south of the State. 

2. Lower Cretaceous. Brown coal and lignite of the Great 

Australian Artesian Water-basin. 

3. Jurassic. Leigh's ( reek (Joal-fn ld. 

/. Tt'/liary 

The lignite of this age found at several places, such as the 
Adelaide Plains, Noarlunga, etc., has not aroused any interest 
and is not worked. A borehoh' on the Paradise Coal Mining 
Company’s propiTty in Section 2,o<).}. Hundred of Yatala, 
near Adelaide, struck lignite <it i5(» ft. and proved the seam 
to be 43 ft. thick. This lignite ib high in moisture, ash and 
sulphur [145]. 

II. Lvhrr Crdiiccous 

No coal of a value apparently sufiicieiit to warrant develop* 
ment has been found in these me.asures, although the presence 
of small seams of brown coal has been proved in boring for 
artesian water. 


III. Jurassic 

Leigh’s Creek coal-field consists of two basins adjoining each 
Other, and situated on the Great Northern Railway. Copley 
Station (formerly called Leigh's Creek) is at the northern end 
of the southern and smaller basin. It is 373 miles by rail from. 
Addaide and 163 miles from Port Augusta ; Telford station^ 
^ mttK further on, is within the northern basin [144].* 

V The Coal-Measures occupy irregularly-shaped depressions in 
Cambrian slates. The northern basin has a length of 9 miles 
irmh north to soutli, a maximum width of 5 miles, and an 

c : Review rectifies certain details !>upp1ic<l to Tht Coat Rcsoufas §f ika 

4^ j^ives the results of more recent investigatiotts. 
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oi 36 8q. The southern basin is 4 miles long, 
a maximum width of 2 miles and has an area of 6*4 sq. mileSt 
Tho strata in each basin dip towards the centre. 

Exploratory work in the coal-field has, with the exception of^ 
an old shaft sunk to 70 ft. in the southern area, been confined 
to the northern basin, and consists of four boreholes, an II ft. 
by 6 ft. shaft, and certain underground workings in the main 
coal-scam, at a depth of 300 ft. 'I hc coal, wliich at the shaft 
is 45 ft. thick, is of a liydrous chaiacter, and the recently sug- 
gested term, " sub-bituminous," may he applied to it. 

The depth and thickness of the seam, wliere proved, are as 
under : 


ncplhn, 

.Vi) I Hun- 

Vo i liorc. 

S'o T Korc. 

Shaft. 

Top of scorn 

»-5 



240 ft. 

Hottom of scam . 

. 1 5 .'< 

1.545 

046 

M 

Thickness of .seam 

,U 

48 

45 0 


The quantity of coal extracted piior to iqoo was 12,455 tons, 
and a further 713 tons were won in 1917, when a thorough 
sampling of the coal was uiuh'i taken by (he Department of 
Mines. There was no pnxluetion in Analyses of the 

numerous samples gave tin* following gtincral results : 


/tverd^^L' of Ihidricd Samples 


From top 7 ft. . 

From full thickness (45 ft.) 


WnUf lit 

Vohtllc 

Fixed 

A»b. 

i«'S ■ c. 

matUt. 

Carbon. 

5 -:i 5 


34-42 

6-83 

-J 7 J 5 


.U -68 

13-91 


Average of Air-dried Samples 


Water nt V'olutilc 
ii'5* C. malttf. 

From top 7 ft. . . I6•4^ 3o <)3 

From full thickness {45 ft) 14-^3 47-75 


Fixed 

Carbon. 


44-68 

4‘*75 


Aril. SiUflrai. 

8-20 0*37 

16-25 0*34 


The samples on being air-dried lost practically half tWt; 
moisture. The best coal is obtained from the top 6 ft. 

The coal in general is dull, with layers of bright lustronai. 
coal. Occasional bands of clayey matter, seldom overh^ an 
Inch thick, and without continuity, blend gradually with^ |he. 
coal. The bands were included in the samples taken, 



AmtMUA ' V 

liiQ^ o! occurrence, it would be ^cult to separate tbeiti : 
frcra Ibe coal by hand-picking. 

The coal may be classified as sub-bituminous, and as usual 
with coal of a hydrous character, is peculiarly liable to cnimb- 
ling on exposure to the dr>' air and strong sunshine. No ttor 
provement in this respect can be expected in the coal occurring 
at a greater depth. 

The economic value of this coal-field has hitherto been in 
considerable doubt, but, when regard is had to the large quan* 
tity of coal contained, and the fact that all the coal used in the 
State is imported, a thorough and continued investigation is 
fully justified. The whole of the co.d practically can be safely 
extracted if the method of hydraulic packing of the spaces left 
as the.coal is removed in horizontal srotions fri)m downwards 
be adopted. To attempt mining a deposit of this thickness 
and character by any other metliod is to court disaster. The 
utility of this system of packing has been amply demonstrated 
in Germany, and an admirable aj)j)lieation (»f it under Govern- 
ment control is found in the w(»rking of a 27-ft. scam at Om- 
bilin Mine, near Padang, on the west coast of Sumatra. The 
general conditions of Leigh's Crc<‘k coal-liehl are such that its 
resources can only be fully utilized if worked us a State asset, 
though not necessarily by the Slate. 

Tasmania 

Tasmania is a country of many small coal-fields. The 
irregular contour of its surface, largely covr.Tcd with heavy . 
timber, and often with dense undeigrowth, while lending it a 
peculiar charm, renders difficult the di:>covcry of its mineral 
r^urces. The conditions under which the coal-measures 
occur are geologically interesting, but commercially of, a 
linoited character. 

' The coal-bearing measures belong to the following geological , 
petiods: 

. If . , Kainozoic. Brown coal or lignite. 

: n» Mesozoic. Bituminous coal; Upper Coal-Measures of 
Tasmania. 
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in, Falieowic. Bituminous coal and kerosene shale ; Pettno* 
Carboniferous, or Lower Coal-Measures oi 
Tasmania. 



Certain distinctive features relating to the coal-measures ^ 
recognized in Tasmania, as. for example : ' ^ 

I. The absence of strata corresponding to those refarti^ 

New Sputh Wales to the Carboniferous system, \ i 
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a* Tike ejdatence of ** tillite " and glacial conglomerate at 
tlie 1 >ase of the Permo*Carboniferous Coal-Measures, correspond^ 
lug to the glacial beds of Australia, India, South Africa, etc. 

3. The presence of plants in the Mesozoic Coal-Measures, link-* 
ing these with the Trias-Jura * bods of Australia, India, South 
Africa, etc., and the absence, as pointed out by W, H, 
Twdvetrees, of T^rnioptcris Dainircci, the critical plant of 
Australian Jurassic rucks (153/p. 

4. The occurrence of diabase, now generally considered as 
of late Mesozoic age. whicli pinved tlu‘ IVrmu-t'arhoniferous 
and Mesozoic strata, and forc< d its way between the beds as an 
intrusive sheet now found in expu^u^■^ over lialf the country. 

5. Much step-faulting, breaking the continuity of the coal* 
measures and producing mining areas of snudl extent. 

\ 

The general review of the ccuil-fields of Tasmania given by 
Twelvetrees in The ('onl Restmue^ 0/ tne Wot hi is here 
largely drawn on. Additional inform.uion is drawn from 
Bulletins of the Geological Survey of Ta anania. 

7 . JA^niie and Ktoan I'oal 

Tertiary lignite and brown kmI an \\id< ly distributed, and 
are found at George Tr)wn. Roseweais, .Mudd\’ Creek. Evandale, 
Kimberley, Sassafras, Howth, Blythe Kivar, Detention, Magnet, 
Henty River, Macquarie Harbour, (ih nora, Ouse Bridge, etc. 
They are at present of no econoinK valur. 


^ II.* Mesozoic Coal 

Although some of the following coal-fields are scarcely 
separate basins, the divisions adopted in Twelvetrees’ review 
are here adhered to. 

* It probably an error to refer these Trias-Jura be<l8, as is dontf 111 ’ 

to the Clarence -Talbragar Senes >f N.S Wale*, for the Clarence 
in which Tantopierts Damircci is plentiful, are more recent than Triaa. 

. may, however, be coupled with the lacustrine fi.h-bcds of Talbragar, 

‘ Jioi WHIi the GhssopferisA)f:aria^ beds of Talbragar, wrliicli am Pctillo- 
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Norihem and Eastern Fields. • ‘ 

(a) Mount Rex 

(^) Rigney’s Seams 

(r) St. Paui’s Seams 

(d) Mount Nicholas Range] 

and Fingal Jiasin (These areas may be re- 

(e) Thompson's Marshes j garded as one coal-fi^. 

(/) JJanclaff-Seymoiir j 

(g) York Plains. 

(A) Mike Howe's Marsh. 

(t) Longford. 

(J) Colebrook. 

(A) Schouten Island. 

(/) Spring Bay and Prosser's Plains. 

Southern and South-Iiastcrn Fields. 

(m) Compton and Old Beach. 

(«) Lawrenny-Langloh. 

(o) Sandfly. 

(/>) Ida Bay. 

(^) Hastings and Southport. 

{r) Recherche Bay. 

(s) Tasman’s Peninsula. 

(a) Mount Rex [No, i on Map]. — Five miles N.W. of Avoca 
two seams outcrop on the flank of sandstone hills capped with 
diabase. The upper seam is reported to be 6 or 7 ft. thick, 
but the quality has not been determined. The second seam, 
100 ft. lower, is about 12 ft. thick, with four clay banda 
totalling ro inches. A sample from the second seam assayed : 

Bcftoi. .Moisture. Vo), matter. P.C. Ash. Solphor. Odt«. 

Upper part . .1-2 35*0 54-5 8 5 0*8 Firm 

Lower part . . 1*7 28-2 55-0 151* — Finn 

• Portion of the bands were probably inclnded. 

This is an excellent coal, similar to that of Mount Nichol^j^ 
which, however, has more nuusture and does not coke. It hiA 
not been worked up to the end of 1917. . 

(b) Rigney's Coal-Seam [No. i on Map].— A seam of excdlei^ 
co^, io\ ft. thick, outcrops on the Northern side of the 


|Avoca Field. 
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Ocrt&ed hiHa near Avoca on tbe north <rf Ae railvpay. It Utlb^ 

* fronilfennt Rex coal only in having 26 per cent* of fixed carboHr 
Sf. PauVs Coal-Seam [No* i on Map], — Seams outcropping ' 
on St, Paul's Dome, near Avoca. have been prospected above 
Brobkstead, but no information regarding their character is 
available. 

(i) Mount Nicholas Range [No. 2 on Map]. — As already 
noted, this and the two h)lIowing areas may be regarded as one 
field. While a correlation of tin* stMms may bo difficult to 
eftecti analysis of the respective coals indicate a distinct 
similarity. 

The Cornwall and the Mt. Nicholas collieries, on the range 
between the townships of longal and St. Mary’s, produce about 
95 per cent, of the Tasmanian output. Six or sevam seams are 
known, varying from 3 to 10 ft. thick, but mining is confined to 
two seams known as the " upper. ' ft. thick, and the " lower/* 

6 ft. thick, the latter being the chud proauccr. The coal is 
non-coking, and an average analysis is • 

MoUture. Voi. maitcr 1* C . .\<l\ Sulphur. 

<j'l6 n 0'.55 

[c) Thompsofi*s Marshes; (/) Llandaff-Stymour [No. 2 on 
Map].— -These areas extend southward ahmg the cast coast 
from St. Mary’s to Llandaff. Sevt^ral wtirkable seams, said to 
be of very fair quality, have been proved, and coal is mined at 
Dalmayne, 8 miles south of St. Mary’s, where a colliery has been 
recently opened up by adits i.ooo ft. above sea-level, and con* 
nected by a self-acting aerial ropeway wiili the sea, at Picanini 
. Poii^t. 

' {%) Longford Area [No. 5 on Map]. - A seam, 3 to 4 ft. tMdc, 

at a depth of from 20 to 70 ft., has been mined to a small ektent 
a fc|tf miles south of Launceston. It assiiys : Moisture, 13^0 ; 
j Volatile matter, 27-3 ; Fixed Carbon, 47-1 ; AsIj, I2'6 ; Sulphur, 

t-?: Coal also occurs at Deloraine. 

/ Ycfk Plains [No. 3 on Map] ; (A) Mike Howes Marsk 
(Ko. 4 on Map] ; (y) Colcbrook [No. 6 on Map] ; (k) Schoukn. 
[No. 7 on Map] ; (/) Spring Bay and Prosser's Plains 
8 on Map]. 
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gcn^y thin and of nb spedal 
interest. The coal of York Plains Is ritlter 
used in malting and other industries. ^ .a; J ^ 

(m) Compton and Old Beach [No. 9 on 
north of Hobart and east of the Derwent river, a seam. 
2 ft. thick and dipping westerly, occurs at water-leVel. No 
information as to quality is available. 

(«) jAwrcnny-Langloh [No. 10 on Map]. — Between the 
junctions of the Clyde and Ouse rivers with the Derwent at 
Langloh Park, near Hamilton, useful coal was many years ago 
found in a scam variously reported to be 3 J and 5 ft. thick. 
Diamond drilling, in 1892, proved nine seams in a depth of 
282 ft., aggregating from 7 ft.3J in. to 13 ft. 2J in. of coal. 
No. I seam was from 2 ft. 1 1 in. to 4 ft. and No. 2 from 2 ft. 6 in. 
to 4 ft. 7I in. thick. The beds dip to the west. The com- 
positions of the co.ils of these .seams arc : 


Moisture. V’i>l 
o.)o J|J7 

5 -JO j.v(x) 

.joo -.V50 


i'.C. Ash. Sulphur. 
5- -95 0 * 5 ^ 

5387 I4‘20 1*03 

(>6-30 6-20 — 


The coals are non-coking, strong, dull and suitable for steam 
and house purposes, and probably underlie 600 acres. 

(0) Sandfly [No. ii on Map]. — This field is about 15 miles 
S.W. of Hobart on the divide between the Huon and the 
North-West Bay rivers. About 1,500 ft. above sea-level out- 
crops of apparently a dozen seams, at least, occur, but, owing 
to the frequency of faults, mining operations have practically 
ceased. The main scam consists of 5 ft. of top coal and 4 ft. of 
bottom coal, separated by 4 ft. of fireclay ; the analyses of the 
coals of the sections are : 


MoUturc. Vol. matter. F.C. Aih. Sulpbor. 

Top ^tion 2’05 27 05 5370 i6-6o — Coke firm 

Bottob section 2*30 2570 56-00 15-00 0-70 aiul oolmmit > ' 

The quality is varied, the ash at times increasing greatly 
and at others decreasing to 9 per cent. ; when the latter, t! 3 » .] 
coal is excellent for general purposes. At the eastern end 
. the range the coal seams become anthracitic, and a 3)-ft; se^r, 
contains: Volatile matter, 8; Fixed Carbon, 8o*6; 
9'porccnt. . 


M. ^ 32 <mBe 8 ioiift (^ 
t^ljok Bsperanoe. A two-foot scam of hard, dei^ 
j with a cubical fracture and dipping 19® N.E., ; 

Ifah^nrel >7 ; Volatile matter, 26*0; F,C., 55*1 ; Ash, iS^a* ; 

. seam, possibly distinct from the preceding, 2j^ to 5 ft 

Ihiti; and dipping 25® to 30° N.E., shows a massive shining 
coal of which the following analyses arc published : 


Moisture. Vol. m.iittf. F.C Ash. Sulphur. 

5*6 .^o-i -js j : 7 <> f-i 

3-6 270 .S5»> »*'» — 


The extent of the area is unknown. 

(^) Ida Bay [No. 12 on Map]. This indentation of South- 
port Bay is about 45 inih^s south of Hobart |i53/pp. 40-5]. 
Two seams found are proposed to be used locally for the manu- 
facture of cement. The upper seam is o ported to be 6 ft, thick, 
with a dip of 7'^ S.W, The coal \> dull in appearance, with a 
few shining layers in it, resembling York Plains coal, and 
assays : 

Moisture, Vol omirf. I c A*h Sulphur 

3-10 i-’ jo M7I 


The lower seam, about 100 ft. below the upper, is 5 ft. thick, 
and consists of massive, ratber soft and dull coal, with occa- 


sional bright layers ; 

.1 nalyi>cs 


MdMtire. 

Vol. mattrr. 

F.C. 

A-»h. 

Sulphur. 


28-90 

55-50 

n-inio 

— 

««0 

1400 

67-30 

1 5«)u 

— 

X -54 

15*56 

64-90 

17-55 

0-45 


Guvt Analyst, 
ditto. 

Evap. fxjwer m 2 (WUIcoxsoq) 


ffott . — This evaporative power w probably overstated. — J. H, R. 


(}) Hastings and Southport [No. 13 on Map].— In the forties 
bf hist century the Government carried out exploratory work 
ion Southport Bay, but this and other efforts up to 1915 have 
disidQeed no seams of practical value. 

(/f) lUchcrche Bay [No. 14 on Map].— At Moss Glen, near the 
of the Catamaran river, seams from 4^ to 5I ft, thick 
discovered in 1900, but have not been developed. The 
is stated to be varied and the ash high [153/p. 
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South of Moss Glen, the Catamaran main sedm, also 
covered in 1900, is very varied in thickness, but may aveta|pb - 
10 or II ft., of which 6 to 9 ft. consists of good coal. Two 
typical analyses, made by the Mines Dept., are : 

MaUturc. Vol. matter. F.C. Asb. Sulphur. , ' 

3*0 24 'y 6 i*2 io‘I — 

a*2 247 60-3 3-8 0*8 Evap. power. 13«43 

(5) Tasman' a Peninsula . — One or two seams of inferior coal^ 
west of Altwater river in the northern part of the peninsula, 
were worked by the Iinperiid (iovernment many years ago. 


HI. Penno-Cayhonij crons Coal 

The Permo-Carboniferous rocks found in Tasmania are the. 
equivalent of tlic lower jxirtion of the system which in New 
South Wales comprises the Upper Marine Series, the Lower 
(or Greta) Coal-Mviisures and the Lower Marine Series. Their 
maximum thickness probably does not exceed 2,500 ft. The 
fossils of the marine beds are mostly common to both divisions. 
The plants identified in the coal-measures arc Glossopteris, Verte- 
braria, Gangatnopicris, Nieggerathiopsis, Phyllotheca ; the 
remains of a small amphibian have also been found. 

Permo-Carboniferous coal occurs in the following areas : 

1. The Mersey and Don Coal-field. 

2 . 'Oic Preolenna Coal-field (Wynyard District). 

3. The Western Highlands Coal-field. 

4. The Henty River Coal-field. 

5. The Mount Cygnet and Bruni Island Coal-field. 

(i) Mersey and Don [No. 16 on Map].— This field is atuated 
on the north coast, near Devonport, and contains seams of 
coal from 16 to 20 inches thick, which have been worked on ft v 
small scale intermittently for over 60 years for local requiro^^ 
ments. The coal luis nearly 13 per cent, of moisture aijf 
.excess of sulphur. ^ ; 

(c) Preolenna [No. 17 on Map]. — The following detaHat , 
^taken from Bulletin No. 13, in wliich Hills fully describes' w ' 
g^logy of the field [151]. 



Ad^kaua 

' ■ the basal glacial conglomerates ^sce nuiowiog 

9^cm) oidy are ejqwsed on the beach. They extend S.S.E. 
for t3 miles beneath Tertiary sediments and basalt, with an 
occasional outcrop, till the higher country around Prcolenna is 
reached. Here the following succession of rocks in descending 
order is found : 


/Yellow to nsMwU-brown sarulstones un 

I tossiliferuus ..... 

'j Sjindstv»no, pt-bbly saiulsitone. and mud 
I stone, with iioinne sIk'IIs 
tawer, or Greta Coal < White, yellow and bhiik sandstones, wiUt 

Measures i coal stMtns 

/Mudstones, with ni.iixne fossils . 

I IlUie Rrey nuidsti ne, with bands of mud 
1 stone tonuKimerate. iinfosxihferuus. over 
iGl.icial (unglt»intiale. estim.itid . 


Upper Mariae Scries 


towtr Marine Series 


Pt. 

55 <i 

50 

140 

140 

300 

t.aao 


The average dip of the series is 14'-' to \X. or W.N.W. 


Of this interesting assemhl.tge the most striking member 
is the glacial “ tillito ” at tlie l).ise. In the consolidated 
boulder clay, excellent specimens of striated boulders of the 
older rocks, up to 3 tons in weight, ait to be found. The 
homologues of tliis tillitc are tin,- glacial conglomerates of 
Bacchus Marsh, and of New South Walt-s, and, still further 
afield, the Talchir conglonuiate of Iinlia, the Dwyka con- 
glomerate of South Africa, the Orleans conglomerate of Southern 
Brazil, etc. 

The seams of Preolenna arc very thin, but four, with perhaps 
another, are jxissibly workable. One at *' 9lh mile '' contains 
kerosene shale, and another separate si am at Preolenna Creek 
idso includes some of this oil-shale. Two seams are 2 ft. thick 
A(ld other two arc 15 inches. One of the seams contains, over 
part of the area, kerosene shale from 6 to 14 inches thick, 

A comparison of the better coals and the uil -shale with black 
Cannet from other countries is given in the following analyses : 







Ratio <4 Vd. 

Moisture. 

Vol matter. 

F.C. 

A»fa. 

Sul;>bur. matter lo 

coal 





FUed Oulroa. 

i-o 

447 

48-2 

6-1 

Nil 0-93 : 

fitoctmno shau . 
Mkfik Cmml 

1-3 

6956 

2654 

2-88 

Nil 2-70 : t 

^OOtllAd . 


4014 

40-36 

19-50 

— 1-0 ; 4 

WalM 


4007 

3629 

41-40 

36-81 

M ’53 

20-90 

— 1-06; I 

— 1-00 {| 
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Hflls classifies the Preolenna coal as '‘sapropdie^' 

distinguished from humic (bituminous) coal, and inclines 
refer to it as " black cannel. ’ It is interesting to note 
the Greta coal of N.S. Wales is slightly cannel-Iike, with a ratio 
of volatile matter to fixed carbon of o*8i8 to i, and that 
patches of kerosene shale have been found in it. 

The evaporative power of the coal (exclusive of shale) is 13*9', 
equivalent to a calorific value of 7,464 calories. Sulphur is 
usually absent. 

The estimated quantity of available coal is 5,000,000 tons. 

(3) \Ve$icrn Highlands [No. 18 on Map].— Barn Blul! and 
Mt. Pelion CoabMeasures lie midway between the Mersey and 
Don coal-field in the north and Macquarie Harbour in the 
west, and an* ehietly interesting from llie occurrence there of 
scattered blocks, from 8 to 12 inches thick, of a black cannel or 
kerosene shale, known as Pdionitc. The scam from which 
these were shed has not been located. West of Lake St. Clair 
there is a 2-ft. seam with 12 to j 8 inches of cannel coal or 
kerosene shale, which is readily ignited by a match, but little 
is known about it. 

(4) Hcnty River [No. 19 on Map].— Between Zeehan and 
Strahan insignificant seams on the same horizon as those of 
the Mersey basin have been found. 

(5) Mount Cygnet and Bruni Island [No. 20 on Map]. — West 
of D'Entrecasteaux Channel, near Gardner's Bay, a seam, 

3 1 ft. thick, is mined in a small way. The coal has 22 per cent, 
of ash and burns slowly. In Adventure Bay, South Bruni, a 
2-ft. seam is known to occur. 

The output of Tasmanian coal in 1919 was 66,253 tons, valued - 
at the pit's mouth at £47,004. 

^ A tenu used by Potoni6, who regards this class of coal as derived fiom . 
a gelatinous slime resulting chiefly from the maceration and decoinpotit$(»i ' 
Of algx in stagnant water, and forming a matrix in which less destinctibla . 
organs, snch as spores, pollen, etc., were embedded. On this subject ted jpirfx* 
Ucations by Renault and Bertrand [146] [147] [149] {150], E. A. N. AiNr , - 
t93], David White [155], J. E. Came [148], E. C. Jeffrey [132]. 
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Coal Reserves 
the i^obable reserves arc : 

Tom*. 

Mewtoic coal . . , , 54.800.000 

Pcnxio*Carbooifctoufl coal . . 11,000.000 

Total ..... 65,800.000 




Victoria 

Victoria is not rich in coal. Bojk of lignite, sometimes 
of extraordinary thickness, are found in Tertiary formations, 



and a few seams of bituminous coal, generally thin and of no 
great lateral extension, occur in Jurassic strata. All arc con- 
fined to the southern part of the State. 

Lignite 

Numerous small beds of lignite exist in many partsof Victoria, 
but the chief deposits arc found at Lai Lai, 13 miles S.E of 
IMlafat, Altona-Laverton and the Wcrribcc Plains west of 
Morwell in the Latrobe Valley of Gjntral Gippsland, 
near Port Albert in Southern Gippsland. 
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Lat L<U [No. 1 on Map].-~Coal was won here over go year* 
ago, and small quantities arc still being producJ^. ThC . 
deposit has a probable area of three square miles, and boring 
has proved the coal to be at least 200 ft. thick in places, With a 
prolmblc average of 80 ft. The average overburden is 60 ft. 
thick. The quality is undetermined, except where mining 
has been carried out. 

AUona-Laverton [No. 2 on Map].--The seam of lignite in this 
area, trending south-west, is supposed to extend from the 
outskirts of Melbourne to beyond Werribee Park, a distance of 
10 miles. Its lateral extension inland and seaward is still un- 
proved, but it doiibtle.ss continues far under Hobson’s Bay. 

The thickness and depth at various points are as under 

[158] . 



Depth to top 

ThickacM of 


of s«am. 

scain. 


Ft. 

Ft. 

Newport 

. 242 

14 

Alton.! 

• .148 

74 

iMiverton . 

. 356 

140 

\Vcml)co Park . 

. 521 

30 


Lalrobe Valky, Gippsland [No. 3 on Map].-- The Latrobe 
Valley deposits stretch eastward on the line of the main Gipps- 
land railway for a distance of 30 miles, from Y arragon to beyond 
Traralgon, and extend in width from a mile or two to 20 miles, 
with occasional spurs to the north and south. 

The coal-bearing strata show evidence of general disturbance 
and much faulting, and the coal occurs, in consequence, at 
erratically varying depths. Thus, near Morwell, and north- 
ward, it is mostly shallow and available by opencast working ; 
between Morwell and Traralgon the cover is from 460 to 490 ft. 
thick ; while from 3 to 4 miles south and south-east of Traralgon . 
the cover is from 25 to 60 ft. • 

As already mentioned, the thickness of the coal deposits is, 
in places, remarkable. In No. i Bore, close to Morwell, mi. 
aggregate of 809 ft. of coid was proved in a depth of 1,019 ; 

4 miles north-east, in bore No. 2, parish of Mary vale, 453 ^ 
coal were passed through in 1,358 ft. ; similarly, a mile A' 
half south of the latter bore, 456 ft. of coal were found in 

1 Thia is the latest and most complete report on the Victoiten 



ft; tic <iod-hearing beds had not been bottomed in any of 
tboite bores, and more coal may exist beneath. 

AtlerUm, SoJihern Gippslattd [No. 4 on Map].- Near tlie 
south coast, in the district between Medley and Gelliondale, 
and for a distance of 5 miles alongside the Melboume-Port 
Albert railway, a bed of lignite from lio to 280 ft. thick, with 
an overburden of from 35 to 95 ft., has been proved. Four 
miles south of Medley, and a mile and a half from Lewis Channel, 
a seam, 207 ft. thick, was struck at a depth of 276 ft. [156).* 
The coal area extends 10 miles west waul from Medley, but the 
deposits become thin, and are at a depth of from 250 to 380 ft 

Much boring is still necessary in thiS(‘ lignite districts, par- 
ticularly in Gippsland, to dettiinine their approximate extent 
and value. 


H. Herman, Director of tlie Gcol. Survey, 

Victoria, has 

made the following estimate [i57j 



Ajijiruiimatc 

..Tta 

ri<-twMc 
.ivcruK'i* thick' 
UW of KiUl. 

Approdnuite 

uverburden. 

'' ) tiulc 

rt. 

Ft. 

Lai l4il . . . 


(>o (average) 

Altona L.ivorloii .200 

.0 

200 to 400 

Morwell . . . 700 

y • 

Surface to 500 

Hedley-Ciflhond.ilc . jw 


-ts 


He adds, “ In many part-^ td tlie above areas more than 
a 50 per cent, extraction will probably not be made.*' 
Possibly this is cornet, but it is an admission of wasteful 
methods of mining wJiich the poverty of the State in fuel re- 
sources should surely prechide. 

. The Victorian lignite, or brown coal, as it is termed locally, 
consists of a yellowis}i-l)rown to black matrix, brown when 
powdered, composed of pollen grains, sj»ore cases and other 
decomposed vegetable matter, with spora<lic inclusions of frag- 
ments of trees, the woody fibre (.)f which is still preserved. The 
mdteture of freshly-mined coal generally exceeds 50 per cent., 
but by air-dr>’ing this may be reduced to from 25 to 35 per 
cent. Continued exposure causes shrinkage, with consequent 
ibSeturing and crumbling. 

Atmoal Report of the Secretary for Minos, Victoria, for 1917, givet 
^ 41 ^^ ^ ^ tiores. 



BRITISH SOURCES OF COAL SUPPtV 

The following analyses quoted by the Advisory Cbmilut^ 
have been compiled from various sources : 


Proximate Analyses 



Ul ui. 

Altoim.*' 

MorweU.‘ 

GelHcmdak.* 

Dean's 

Harsh.^ 

ManacaSi** 

Moisture . 

56.78 

46-80 

53-00 

59*60 

40*06 

41*36 

Volatile Hydrocarbons 

21 -or 

27-60 

24-00 

21*50 

26*63 

27-13 

Fixed Carbon . 

20 0^ 

20-50 

2 1 -So 

17-30 

30-73 

23-26 

Ash . . . 

1-58 

5*10 

1*20 

1-60 

2-56 

g‘a 5 , 


100*00 

100-00 

100-00 

100*00 

100*00 

100-00 


“ liore coal. 

*' Tartly air-dried. 

' Much of the Narracan coal is low in ash. 


Ultimate Analyses of Coal dried at 105® C. 


Carbon . 


Morwcll, 

I’cr cent. 

. 6<»*5 

AUona. 
Per cent. 
61 *50 

Hydrogen 


4-4 

41 7 

Oxygen . 


25'5 

25-00 

Nitrogen 


O-S 

0-6 ^ 

Sulphur . 


0 -.I 

o-')4 

Ash 


- 5-5 

8-0 r 



100-00 

100-35 


Mahler bomb deiermi nations of Morwcll coals from open-ent 
zcor Icings 


Moisture as 

delcrmmc'd at 

1. 

i. 

t. 

4 * 

5. 

lo^*" C. . 


350 

44*0 

*15‘3 

46*0 

45-4 

B.T.IJ. 


7.518 

0.75l> 

6.857 

6,136 

6,233 

Calories 


4.h09 

4,222 

4.286 

3.835 

3.895 

Evaporative 

P«wcr 

7-77 

6*98 

7-09 

6-34 

6-44 


Note , — In coal air-dried to per cent, moisture, the average calorific , 
value - S.b^o 13.T.U. 


Rcscn'cs of Lignite 

It is still impossible to estimate accurately the availabU^ 
quantity of lignite in \'ictoria, but it would appear that thq 
estimate of 30,000,000,000 tons, given by the staff of 
Geological Survey, is a safe computation. 

The various problems connected with the utilization of 
deposits for the supply of electricity to Melbourne an^ otMl^ 
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: pMiw ar« luuy ajscusscd in the report of the Advisory Com- 
The opinion expressed {in 1917) is that power gener- 
ated abngside the Gippshnd “ brown coal " deposits cotiJd be 
transmitted to Melbourne, a distance of 82 miles, and sold to 
existing power-houses at about o^ per unit. 

Bituminous Coal 

The deposits of coal, other than li.t,Miile, in \'i(‘toria are very 
limited in extent, and aiv confined to Jurassic strata in southern 
Cippsland [No. 5 on Ma[j\ tin' Otway R.inms [No. 7 on Map], 
and the Wannon river [No. on MapJ, all in tin* southern part 
of the State. The onlv seams of any importance, hitherto 
found, are in southein r,jpj>s)and, in a ht lt runnin/ir from S.W. 
to N.E. through Kilcunda.Wonih.iggi (('ape Paterson), Outtrim, 
Jumbunna, Mirboo. and t'<'alvill«‘ (Mo»/i No. 5 on Map]. They 
range in thickm-ss from 2 ft. to b it., and in <me case at Wont- 
haggi reached () ft. 10 in., but. .is a niK-, tbiy are thin. In 
this regard it may be noted that tin- av. rauo of Belgian seams 
worked is not over 2 ft., and a seam of sinilliy coal, ii inches 
thick, has long brui woiked in Sotland. Numerous faults 
and the great an<l Mjad v.iriation in the tlin kness of the seams 
add considerably to iIk? e»tst of mining. 

Extensive boring has been earned f)Ut at State expense for 
many years in .search of coal of workable thickness, and the 
expense has been justified by the steadying effect which local 
production has exerted on the price of imported coal. Ik>ring 
is also used at the Wonthaggi " State Mine," where a series of 
bores precedes the mine workings in order to prove the position 
aiid thickness of the coal in these irregular measures. 

The explorers, Hovel and Hume, as early as 1825-6, dis- 
covered coal at Cape Paterson, but even in 1888 the writer, 
when visiting the district, found tliat only one small mine at 
(JpolyilK near Moc, bad begun operations. A few years later, 
companies began work at Korumburra, Jumbunna and Mirboo, 
aitd ^ince then have had a career useful to the public, but 
unremunerative to themselves. 

’At the end of 1909 the State Mine at Wonthaggi was begun, 
hhd lip to the end of 1917 had produced 3,490,628 tons of coal 
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of a value of £1,646,052 at the piti mouth. The outputs cJ tto. 
various mines for 1917 were as under : 




State Mine, Wonthaggi . 

. 405,408 

;^283.848 

Jumhmina 

. 22,236 

19.028 

Fowlett North, Woolamai 

. 20,140 

16,119 

Austral .... 

. 13,888 

13.09a 

Sunbeam 

2,401 

».837 

Coal Creek 

1.058 

1.335 


.■{(>(>, 2 20 


The output for 1918 was 505.775 tons. 


The following analyses are 

typical of 

Victorian coal 

[ 157 /p- 31] ; 

.Millet lire. 

Viil m.airr. I’.C, 

Ash. Calories. 

State mine, average of ■\ 

naraplca . . . C-oi 

28-31 55 -. 5.3 

9-24 6,666 

Outtrim, Au.stral ami 

Jumbunna. . . 

5')-07 

CO 


Victorian coal is nnsnitabk* for gas or coke making, but is 
highly valued as a house coal. 


Coal Reserves 

The erratic thickness and sporadic nature of the seams 
render an estimate of reserves, other than those actually 
proved, a matter of conjecture. The Department of Mines in 
1912 estimated the Actual Reserves of coal in seams over i ft. 
thick to a depth of 4,000 ft. at 15,150,000 tons. This repre- 
sents 30 years’ life at the present rate of production. 


Western Australia 

In measures of Post-Tertiary and Jurassic age beds, of 
lignite and brown-coal, generally inferior in quality, have been 
found at various places throughout the State. Little work 
has been done on them, and. in the absence of geological sttrr ' 
veys, no estimate has been made of the possible quantity of 
this class of coal. - . 3 

Coal of marketable qualify has been, so far, found only mij. 
one comparatively small basin, the Collie coal-field, in rodb of" 
Carboniferous age. Strata of the same age are also 
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<^buted throughout the Stete, as in the far north of the 
^mberiey Division and the western mid-coastal districts of 
the Gascoyne and the Irwin rivers. 

Towards th^lfeasc of the Pemio-Carhoniferoiis rocks of the 
Gascoyne district tliere occurs a persistent bonldcr bed com- 
posed of striated pebbles and boulders of granite, embedded 
in a calcareous fossiliferous matrix, which contains fragments 
of Spirifera, Produdus AWiX Pvlyzoa, in addition Xo Aviadopec- 
ten icnuicollis [159]* This ghuial boiildiT bed, known as the 
Lyons Conglomcratt', has been jm>ved to extend for a distance 
of 200 miles, and may be assumed ((i be the t'qnivalent of the 
glacial beds towards the base of the Lower Coal-Measures 
of New South Wales; of th(> FVeolenna (oaLMeasures of 
Tasmania ; and of the boulder betls of iCuchns Marsh, in 
Victoria. 

Similarly, in tlu' Irwin river di‘'trie(. a zone of argillaceous 
limestone cont.nning striated boulders occurs about the 
middle of the. PermO’Carbonifeious <;erii‘s. The coal of 
inferior quality discovered in this district many years ago is 
found in rocks higher in the senes. 

CoUie Coal-field. This fit'ld lies in the south-western comer 
of the State, 100 miles south of Perth and 25 miles east of 
Bunbury. The country is thickly timbered with hardwood 
(Eucalyptus) trees, which attain a remarkable size considering 
the layer of sand and gravel soil that thinly covers the rocks. 
The Government, on the advice of J K, M. Robertson, of 
Sydney, began boring in 1892, and several workable scams of 
coal were soon located. 

The Coal-Measures occupy a roughly oval-shaped depression 
in the surrounding granite, schist and other crystalline base- 
.inent rocks, and have an approximate area of 95 sq. miles^ 
liccording to H. P, Woodward [161], and 50 sq. miles, according 
to (^bb Maitland [160]. Faults bound the held on all but one 
aide, that on the south-western side having an estimated down- 
throw to the north-east of at least 2,000 ft. The preservation 
from denudation of this remnant of coal-measures, which prob- 
, Mf extended over a wide area, is undoubtedly due, as in the 
.ease of the important Damuda river coal-fields of India, to this 
hlq^-foulting in the crystalline rocks. (See India, p. 49.) 
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The Coal-Measures consist of Glossopteris-heaxh^ be^ of 
shale, alternating with sandstone and grit, all spridried with 
mica. The general inclination is i in 17 to the south. 

In the main portion of the field the following seams oc^ in 
descending order ; 


Cardiff No. i Seam . 

Cardiff No. 2 (or IJoulder) St'diii 
^llioburn No. 1 St*am 
Collicburn No. 2 Scam 
C>)al (no natnc) 

Proprietary No. i Scam . 
Proprietary No. 2 Seam . 
VVallsfcud Scam 


9 to 12 ft. thick 

7 o » 

<i „ „ 

6 to 8 ,, „ 

8 

4 to 8 „ „ 

5 to 7 „ 

9 to 17 „ „ 


Another scries uf scams discovered in the north-east comer 
of the field would appear to be lower beds. With the omission 
of seams under 3 ft. in thickness, they are found in descending 
order, as follows : 

Coal, 3 ft. ; coal, 4 ft. ; coal. 6 ft. ; coal, 6 ft. 4 in, ; coal, 
5 ft. 4 in. ; coal, 4 ft, ; and coal, 5 ft. 

According to Gibb Maitland, it has been estimated that, 
exclusive of scams of trifling thickness, the total thickness of 
coal is about 137 ft. in the 2,072 ft. of strata so far explored. 

The Collie coals consist of alternating bands of splinty and 
bright coal separated by layers of soft charcoal, the so-called 
“ mother of coal.’' The coals are hydrous, semi-bituminous, 
and non-caking, and, though hard, tough and unfractured 
when rained, they rapidly develop cracks on exposure and 
tend to disintegrate with the formation of an undesirable 
amount of slack. They burn slowly, with little smoke and a 
short flame, to a light, bulky and light-coloured or reddish 
ash, free from clinker. 

Woodward quotes the following mean analyses obtained 
from numerous samples taken from the coal face ; 


Proximate Analysis 


Moisture 

. 2i-i8 

Volatile Hydrocarbons . 

. 28-99 

Fixed Carbon 

• 4373 

Ash ... . 

, 6-10 


lOO'OO 


Specific gravity • 


1*349 
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Uliimate Analysts 



Pmh Coal. 

AXt« (kducUttR 
moUture. 

Carbon 

• • • 54 ' 5 i 

6*)'8o 

Hydrogon 

3-46 

4*43 

Oxygen 

• *323 

I7'00 

Nitrogen 

1-07 

*'37 

Sulphur 

0-53 

o (>8 

Ash . 

5-2.1 

<>•72 

Moisture 

21 <>2 



1 rio uo 

too on 

Calorics 

■ 5.351 

^705 


(\nal\>t) H. S. Simpson. 

On exposure for a month to the warm dry atmosphere 
common to this region the coal seems to lose over 7 per cent, 
of the sample weight or one-third <»( its initial moisture, and has 
consequently an increased calorifu' value. During locomotive 
trials made with this coal in 1005 the following results were 
obtained : Calorics, 5. Hi 7 ; Moist un*. i.^ j)«T cent ; Ash, 6 
cent. The percentage ol moisturo in the fn'shly-won coiil is 
remarkably high for a C(>al of J^•nno-('arhonifcrous age. 
Coal found at a place called Wilga wa*- d* teiimned in 1919 to 
be of similar character to ordinary ('ollic ( oal, but not equal in 
quality to the best Collie coal. It indicates, however, the 
possibility of finding coal outside of the small Collie basin. 


Coal Rewnrs 

In 1911 the available coal from six of the known seams, 
l^ging from 6 to 17 ft. thick, was estimated at 310,000,000 tons. 
In ^e same year, H. P. Woodward, in his contribution to The 
Cod Resources of the Worlds estimated that of 24 seams 
item 3 to 17 ft. thick, there were ; 

Tno». 

Actual Reserve . . 151.13 *. 200 
Probable Reserve . . 500 , 000,000 

. The output of coal from the Collie field in 1918 was 337,039 

Um, 
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New Zealand 

In 1866, when information regarding the coal deposits of 
New Zealand was still scanty, James Hector adopted to 
simple and practical classification of the coals as hyirom 
and anhydrous. The large development of hydrous cod in to 
country justified the expedient, and, following this method, We 
find the workable coals of these classes distributed in the 
following liKalitics according to Hector’s classification : 

Hydrous. — (Coal containing 0 per cent, or more of permanent water.) 

1. Lignite . . . South Island. Central Otago and Southland. 

2. Brown Coal . . South Island. Shag Point, Green Island, 

Kaitangata, Nightcap of ^uthlaod ; all in 
Otago. 

North Island. Waikato basin, south of 
Auckland. 

., 4 «Ay<froMs.-“(Coal containing loss than 6 per cent, of permanent water.) 

3. Pitch G)al * . . North Island. Kawakawa, Whangarel, Hiku- 

rangi, Ngunguru, north of Auckland. 
Mokau-Awakino, south of Auckland. 

4. Bituminous Coal . . South Island. Cnltingwood and Pakawan, 

m extreme north. Buller-Mokihinui and 
Grey mouth, on west coast. 

To these has to be added semi-anthracite in the Paparoa 
Range, Grcyinouth. 

• Pitch coal varies in moisture on cither side of Hector's dividing line. It 
contains less moisture than some British coals. Mokau-Awakino pitch coal 
should really be classified as a hydrous coal. 


Composition of New Zealand Coals 


Water. 

Brown Coal (a) .• 

Average . . . 14*07 

Extroma. . . 

Pitch Coal (a) ; 

Whangarci : Average , 7*45 

Extnimw . . . 

W. Coast: Average , 7*61 

North Island: Extremes {9.^ 

fithtmitiows Coal i 
We^port (b) . . 1*78 

Gnymouth (c) . . 2*35 

Anthracitic Coal 1 
Paparoa Range, Greymouth 0*74 

• Analyses quoted: (a) by Park; 


VolatUc 

matter. 

Fixed 

Carbon. 

Aih. 

Sulphur. 

37-93 

41-92 

3-34 

a-5 

35-00 

37-00 

2*00 

0-3 - 

50*00 

51 00 

13*00 

3-0 

4 I-J 3 

46-42 

5*00 


38-00 

43-00 

3*00 


46*00 

49*00 

8*00 


38*29 

46-61 

7-47 


30-00 

40-00 

0-50 


39-00 

60-00 

12-00 


38*55 

58-04 

1-63 

1*5 to 4-0"^ 

35-35 

59-2b 

304 

0^9' 

13-69 

79*52 

4*05 

0*4* , ^ 


by Morgan and Bartzvni ; (4 
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Brom Con/.— Half of the available coal of New 
of this class. Usually it is soft and easily mined, but 9aa» 
times is extremely tough.* 

Pilch Coal (Sub-bituminous). — This coal is bright, glb^y 
and friable, and some, for instance Mokaii river coal, is so 
deceptive in general appearance that it might be readily mis- 
taken for anthracite. The Kawakawa coal, sometimes called 
glance coal, is frequently termed semi-bituminous, as in official 
returns. 

Bituminous Coal , — The chief deposits of this coal are in the 
Westport and Greymonth districts, and in both are of excellent 
quality. Coal from the former district, though friable and 
making a large amount of slack, is, on account of its extra- 
ordinary purity and ready combustion, a very valuable coal. 

Scmi'AnihnicUic Coal.- On the eastern slopes of the Paparoa 
Range, near Greyinoiitli, coal of this character, of a high 
calorific value and occurring below the Brunner coal horizon, 
has been mined to some extent. 


Classification oj Coals according to Age 

Since 1866, e.xtensivc field-work has thrown much light 
on the geological age of the various coal-basins, but even now 
unanimity on this subject has scarcely been reached. Nor is 
this surprising, considering the complexity of the geological 
problems. The following record may, however, be regarded as 
reasonably accurate, and is based on the lines followed by 
James Park [165] ; 


I. — Kainozaic 

Mioesne : Oamaru N. Island . — Taupiri - Huntly, VVaipa • Hikoniil^ 
brown coal scries (Waikato basin) ; Moluu and lippar 

Wanganui. 

S. Island.— West Wanganui, Inangahna Valky 
(Nelson) ; Mt. Somers, Kakahn,. Was- 
bao (Canterbury) ; Ngapam, Wai- 
kouaiti, Green Island, Saddle . H|Q 
(Otago) ; Forest Hill. > , 

(Southland). 

‘ In spite of the tendency of brown coal to crumble, a long-exposed natsnd 
section of Kaitangata-Taratu coal. 23 ft. thick, with 20*55 P^ cent* of * 

examined by the writer, showed a solid, unfractured face and gavea . 

analysis. 



NEW atEALAND 


tiff 


, itPMt : 
‘Waifoaiigaroa 
^ !>^iii&aus ochU series 


5. /ilotftf.'^Coilingirood. I^ka«>aii (Nehoo) ; Uold* 
hio^, Ni;.ikAwau. Denniston or*Coil|'* 
brooKdalo at Wainiausaros (W#et> 
j>ort) ; Grey River Valley, rapanxi 
Range (GreymouUi). 


II.— A/esi-.vif 

Cretacious : N. Island. — Ka\%akawa, Ihkurangi, Ngunguru (K. 

Auckland). 

Waipora series S. Island — Shag Puint, Kaitangata (Otago); Msl* 
vera Hills (Canterbury). 

Jumssic : S Island — Waikawa. CatliiiH Kivtr (S.E. Otago); 

, Hokunui Hills (jviulhlaml). 


Coal .Imis 


The areas referred to in the following notes arc taken in order 
from north to south ; 

I. North Auckland {Upper ('rctciccou\).~-'U\v coal-lx^aring 
measures in the peniuMila to ih»' north of Auckland occur in 
detached areas. Though Muall. tlay have contributed con- 
siderably to the coal jiroductioii of the ( (unUiy, but the annual 
output docs not iiow' exce< d 120.000 tons, 'ihe coal is gener- 
ally known in New Zealand as glance, 01 jnti h coal, but recent 
Mine Statements refer to it .is senn-bituininous. 

In the Kawakawa area the coal seam, juactically exhausted 
in 1900, was 8 ft. 6 in. thick, thinning out in certain directions, 
and in Hikurangi the only known seam varies from 2 ft. to 
ti ft. In the Kiripaka section of tin Ngungiiiu field the scam 
is 16 ft. thick, and recent boring has pioved exteii.sive coaJ- 
l>6aring ground to the dip of the Ngunguru se ction of the held. 
Composition is: Water, 4 to 0 per cent. ; Vo), matter, 36 1048 
-per cent. ; Fixed Carbon, 40 to 56 per tent. ; Ash, i to 15 per 
cent. ; Sulphur, i to 6 per cent. ; Caloiies, 6.6on to 7,000, 

. 2. Waikato (Miocchc;. -This important aiea lies in the basin 
of the Waikato river, and extends from Drury southward for 
48 miles, and west to the sea, a distance varying from 20 to 25 
mi^es. The Coal-Measures outcrop in the Waikato valley 
.and dip westward. They al.so extend south and south-west to 
i^^lan, Kawhia, Upper Waipa, Hikurangi, Awakino and 
Cfjpper Mokau, where, however, they are still undeveloped^ 

! ; Tll^ co^ has been worked to a considerable extent at shallow 
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depths in the Waikato valley, and partly even beneatir Hie v 
river-bed and Lake Hakanoa, where the overlying Strata or 
" cover ’* consists of incoherent pumice, sand and mud* 
Fortunately, this has been accomplished without serious mis- 
hap hitherto. 

The coal is a hydrous brown coal, disintegrating on exposure, 
and gives the following divergent analyses : 

After. Water. Vol. matter, Plxed Carbon 

Park . . . 17 O0 33-24 47*o8 

Morgan 12 to 15 411046 361044 

5,400 to 0,1 00 Calont‘3. 

The output from this area, including a little from Mokau, 
is about 350,000 tons per annum. - 

3, Mokau-Upper Wanganui (Mfoa’»c).~'This is the most 
extensive coal-field in New Zealand. It stretches from the 
Upper Mokau and Awakino to the sea, a distance of 35 miles, 
and from Upper Awakino southward to the Upper Wanganui, 
a distance of 40 miles. The general dip is southward. J. M. 
Bell states that there are several seams exposed on the Mokau 
river [162] , and, according to Park, there is one seam, at least, 
varying in thickness from 4 to 16 ft. The coal at outcrops on 
the Mokau river examined by the writer was from 4 to 7 ft. 
thick, and crumbled rather freely on moderate exposure. Its 
composition is : Water, ii to 14 ; Vol. matter, 38 to 43 ; Fixed 
Carlwn, 38 to 40 ; Ash, 67 to 7-8 ; Sulphur, 1.8 to 27 per cent. ; 
Calories, 5,900. 

Going eastward, the coal of this field gradually changes in 
character from pitch to brown coal. 

4. CoUingwood and West Wanganui {Eocene and Miocene)^ — 
Park described this district in 1899 [166], and in the same 
year the writer examined the seams being worked at Colling- 
wood. The following details are taken chiefly from Park's 
later descriptions [165] : 

At CoUingwood, on Golden Bay, six thin seams of bituminous 
coal occur in Eocene rocks (Waimangaroa Series). The secdud" 

, snd third seams, 2 ft. 5 in. and 3 ft. thick respectively, product 
excellent coal, but, on account of their thinness and recurr^g' 
^uits, mining operations are said to have ceased. An 


Asb. Sulphur. 
2'08 0*8o to 2*00 

2 to 3 under 0*50 
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Moistute, a; Vol. matter. 36: F.C.. 57; Ash, 5; 
Bolfihw, 0‘64 per cent. 

These seams recur to the north between Pakawau stream 
and Cape Farewell. They are mostly thin, but one, about 
7 ft. thick, has been worked. It contains rather more water, 
ash and sulphur than Collingwood coal. 

The Coal-Measures dip at 20'^ from Collingwotxl to the N.W.. 
and at W. Wanganui Inlet arc overlaid conformably by the 
upper Coal-Measures (Oainaru Series). 

The W. Wanganui coal- held has an unbroken stretch along 
the coast from the Inlet to Gulden Ridge ; and southward it 
extends in detached areas tn Turimawiwi valley, a total 
distance of 18 miles. 

At the Inlet there are outcrops of a 4-ft. seam of pitch 
coal " dipping slightly seaward, and Park, in H)io, refers to an 
outcrop of coal 6 to 8 It. thick. The analy>is is : 

Mflitture. Vn). m.ittrr. I C. Aril. 

4-3 to 8-6 37 tt» 3‘; 45 to V) 4*2 to 4 8 

Southward the (oal merges into hydrous brown coal. 
Between Paturau and (iolden Ridge one workable scam occurs. 
Tlio analysis is : 

Hoitturr. Vol mrtit<i. rt A‘l). Sultibur. 

12*41 20-20 51*17 0»-22 3-2 

The coals of Collingwood and W. Wanganui may eventually 
be utilized locally. 

5. Buller-Mokihinui {Eocene).- The, bituminous coal supply 
of New Zealand is practically confined to the J 5 ullcr~Mokihinui 
and Greymouth coal-fields, and, fortunately, the quality of the 
coal in each is excellent. 

The Buller-Mokihinui coal-measures occupy a narrow belt 
of ^ged country roughly parallel with the coast, stretching 
O! 0 rthward from the Duller river to a little north of the 
M^>k^uiiui river, a distance of about 30 miles. The maximum 

is 10 miles. The general dip, though far from uniform, 
the north-east from the slopes of Mount Roclifort (3,38a 
ft«y h) the south to sea-level at Mokihinui. 
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The coal-bearing beds, once continuous, have, through fault- 
ing and erosion, been reduced to isolated and comparatively 
small areas ; also, the thickness of the coal is subject to rapid 
variation, a diminution from 40 ft. to 4 ft. within a short 
distance having come within the writer's observation. Morgan 
and Bartrum, in their valuable monograph on this field [163], 
mention an increase m^hickness from 2 J ft. to 53 ft. within a 
mile and a half in the Millcrton area. These observers, after 
an exhaustive examination^ estimate that out of 137 sq. miles 
covered by Coal-Measure^ only twelve have been definitely 
proved to contain worl^Alo coal ; but they admit that this 
estimate may be possibly increased after further exploration. 

Park applies the term Waimangaroa Series to these measures, 
after the creek of tliat name. The coal-bearing beds are corre- 
lated with the Brunner beds of the Greymouth field. (See 
Greymouth, p. 15 1.) 

Fi^ults are numerous and distortion of the strata is frequent. 
Two main faults occur, the Kongahu, or Lower Duller, fault 
and the (ilasgow fault. The former, to the west, nms N.E,- 
S.W., close to and parallel with the coast ; the latter, to the east, 
runs due south. They are 4 miles apart at Mokihinui and 17 
miles opposite Mt. I'tochfort. Both arc due to uplifts of the 
Strata to the cast, and increase in extent of throw rapidly from 
north to south, till each, opposite Waimangarok, probably 
exceeds 5,000 ft. Between these the Williams fault, smaller 
but similar in kind, begins south of Ngakawau, and runs 
parallel to and 5 miles distant from the Kongahau fault. These 
thus form a series of step faults rising to the east. 

Practically all the workable coal lies in a belt 5 miles wide, 
immediately east of the Kongahu fault, erosion having removed 
the bulk of the coal further inland, while westward of tlw 
fault the Coal-Measures are hidden beneath the narrow coastal 
plain, and dip towards the ocean. Where more seams than one 
occur, they are probably splits of the same bed. ' 

The coal horizon at Mt. Rochfort is underlaid by a greal 
thickness of gravel conglomerate, which dies out northward! 
till the coal in the areas where worked lies within .a ahoid 
distance of the crystalline basement rocks. At Coalbrodb^ 
of the Westport Coal Co., the WTiter was informed by tha 



tlmt tt one pdiit in the workings the comb sa en^ 
querto reef was (ound protruding into the coal-seam, 
opinioii generally held that this and the Greymotili 
;^O0$h are of drift origin is doubtless correct, the evidence here 
favour of the " drift theory being as strong as that in 
^^vonr of the '* growth-in-situ " theory in so many other coal- 
fields. 

The average composition of this remarkably fine Tertiaty 
coal is given on p. 144. In freed|m from ash impurity it is 
almost unrivalled among coals.* Bi^he percentage of sulphur 
is high.* The coal produt es good, but light and highly porous 
coke in beehive ovens. The output fi^ni the Buller coal-fields 
in 1918 was .sSojcjO tons (2,240 lb.). 

From the method of niiniug adopted on account of the 
thickness of the seam and the phvhieal nature of tlie coal, the 
loss of coal in mining is very great. The extremely limited 
reserves of this class of coal in New Zoalan<l, and indeed of all 
coal in the country, would seem to call for an enquiry into the 
possibility of reducing thi.'» wabte. Experience under possibly 
greater natural difficulties in the Oinhilin mine, in Sumatra, 
where, in a 27-ft. scam, practically no coal is lost, might furnish 
valuable information on a subject of such importance to the 
Dominion. 


6. Greymouth {Eocene ). — Next to the Buller coal-field tl^ 
Grey is the largest producing field of New Zealand. Roughly 
it extends from the Grey River valley northward to Ten MUe 
Creek, and from the sea eastward to Blackball Creek, com- 
prising an area of 75 sq. miles in one block, largely water free. 
' 3 Elje Coal-Measures lap round the south end of the Faparoa 


^l^nger resting unconformably on older Mestizoic rocks. They 
a general but variable W.S.VV. dip from a height of over 
^00 It. at Mount Davy and Blackball Peak to the coast, wheta 

The jmrtty of some thick Tertiary coals is notable. For instance, tlUl 
1 |iSler,OMd, UUckness np to 33 ft., has I'bj per cent. Ash ; OmbiUn coal, 

Ml^ltra^arjiUi a thickness opto 27 ft., has it to 2 per cent. Ash; Makitiii opal, ^ 
AiitlW. with a thickness up to 80 ft., has 2 03 per cent. Ash; Ikiiati 
North Borneo, with a thickness of 28 ft., has 1*58 per cent. Aah. 
was evident in the atmosphere of the Albion Mine workihfi la 
coat of tibe Kongahu fault cone, where eyes and throat wefepaht* 
Bpi- j p i s( a c4 hy the snlphorons air. 





©are^xpbsea from Seven Mfle' Credtto'^Ta 

of Seven Mile Creek to the mouth of the Grey Riv«l»^^': 
W hidden beneath the Twelve Apostles Range. ■ - ^ 


Coal-Measures {after Morgan) [164/p. Sfl 


j|gbi DM*io«s. 
Kftbita Mudstone 

bland Sandstone 


8ub«livl4loui. 


Estimated 

tbickneaa. 


l^unner Beds 


(a) Coarse sandstones. 

j'Tils and pebble 300 to 


Rcmaika . 

2.000 to Contains one coal-asw* 
3.000 ft. locally workable. 
500 ft. (max.) Often calcareous. 


bfds 

(1!») PebbledK'ds and 
conglomerates 
( (<») sitndstones 

and shales 

{h) Middle sandstones, 
with minor shales 


Paperoa Beds 


300 ft. 

O to .100 ft. 
700 to 
rtoo ft. 

500 to 
(x>o ft. 


(c) T.ower sandstones 700 to 
and sh.dos ft. 

(,i) Basal conglomerate, o to 

with minor sand- 1.000 ft, 
stones 


Horizon of Brunnef, 
State Nttne (No. f), 
and Blackball coal- 
seams. 

At Ten Mile Creek 
contain coal-aeam®. 

Contain one or two . 
minor coal-seams, 
workable in places. 

Contain many small . 
coal - seams, some 
workable in places. 

amtain 3 to 6 work- 
able seams. 

Lower layers very 
coarse. 


WL hPfls are the representative of Park’s Wai- 

c; ie« of the Buller-Mokihinui coal-field, but the 
raangaora Pwiroa coal-bearing beds are entireljr 

uiiderlm ^ J' accorfing to MotgM, « 

.0 »v -bood., 

* r Wn worked on a small scale for some years. 

‘;S, 5“ “ Tt" 

'! dmiTyol con*Ung to 

* /hi! district is great. The surface is rugged and 
-‘ Sttber-clad, while the seams are much 

’ , thickness and dislocated by frequent faults. 

SS this field exhaustively in 1911, consul^ 



0ve ^MAis n^ WkaMe m 

;iWi(^; l>ut not one, except possiWy the Brunner it 
^)J^wn to extend over the whole field.*' Hence, in any one 
two workable seams at most are found, frequently 
f 1 ^l 4 y nne. The thickness may vary from 2 to 12 ft., and may 
^rarely reach 20 ft. 

The quality of tlie coal as a whole is excellent, but varied, . 
as shown in the following analyses : 



Water. Vol. maUer. FC. 

A»h. 

a. 

B.T.U. 

State No. 1 

. 836 4I-SJ 

1 4 i 

( 0 * 82 ) 

ia ,857 

Brunner 

. 0-47 ^4 70 

S-8o 

p- 3 ») 

*4.537 

Blackball . 

. 3 52 4 S (>(> f 4 <» h; 

115 

U-70) 

*3.574 

The output 

from Greyinouth has 

hitherto 

been 

almost 


entirely from the Brunner beds. 

' Paparoa Beds.— Tha Paparoa ( oal-Measures outcrop on 
the crest and oast and west slopes of Paparoa Range, nnd 
contun an upper and a lower series. The upper series (Moody'S 
Creek seams) appear near Seven Mile ('reek on the western 
slopes of the range. Outcrops of 5 or 6 seams show thicknesses 
ranging from 2 or 3 ft. to 7 or 8 ft. The individual scams vary 
greatly in thickness, and in many place s contain dirt-bands. 
Their average analysis is: Moisture, 2-4; Vol. matter, 37*0 ; 
Fixed C., 57*0 ; Ash, 3-4 ; Sulidiur, 0-4. 

The lower series appear on the e.istorn side of the range, 
where the seams have been opened up by the Paparoa Ck)al- 
mining Co. The seams vary from 3 to 20 and even 25 ft. in 
|tWckness, and are semi-anthracitic. On the western side of 
the range the coal, worked by the State Coal-mine, reaches a 
ly^ckness of 20 ft., and is bituminous. 

An average analysis of these lower steams is : 


Molaturc. Vol. matter F.C. 

A>b. 

Butjrfiur. 

Catorici. 

0'6o 

77 Vi 

.515 

0305 

8 .,ooS 

*•57 

38-22 57-4.i 

2-72 

0-400 


^Vf Mine . 

v.Siikttt Coal-mine . 

'.^TJie Paparoa Beds contain about fourteen workable seaxns, , 
of which, however, become in places too thin to woric, 

I been denuded. 

output from the Grey coal-field in 1915 was 529*24^ 
#.*40 lb.). I 

•-Brighton (Miocene ). — On this coastal disti^; 



-Vistoisit' fcmctS:^ 

fioit^ of Westport, brown, cod occurs, l^t & 
ptu:d^ local interest. Moderately air-dried s a iUpl ^ 
from i6 to 21 per cent, of water and over 5 per cent, of 
A few miles inland from Brighton outcrops of anthracitic cod^ > 
in faulted country are found, as well as some bituminous cpaJ*,: , 

8. Inangahua {Tertiary). —This basin extends from tiki ' 
Bulier river southward to Reefton, and has an average width of , 
10 miles. It contains at least two seams of superior pitch coal, 
an upper seam from 2 ft. to 20 ft. thick, and a lower seam from 

4 ft. to 18 ft. thick. The analysis of coal worked at Murray 
Creek is: Water, 7-68 ; Vol. matter, 3672 ; Fixed C., 54 ' 5 « I 
Ash, i‘08 ; Sulphur, 1-24 per cent. ; but the coal varies in 
character, and is only used locally. 

9. Maruia-Matakitaka (Lower Tertiary). — This basin lies 
to the east of the preceding, and occupies a belt 30 miles long 
and 2 miles wide from the Ow'en River to the Matakitaka. 
Upper and lower CoaTMcasures are represented, the upper, or 
Oamaru, series having ten thin seams of brown coal, and the 
lower, or Waimangaroa, series having several seams of bitu- 
minous coal, ranging from 2 to 6 ft. in thickness. At Hampden 
two seams of bituminous coal, 3 ft. and 4 ft. thick, give the 
following analysis : Water, 1*2 ; Vol. matter, 38*8 ; Fixed C., 
56*4 ; Ash, 3*6 ; Sulphur, i-2 per cent. 

In the Owen area, an outlier of the lower measures of the 
Muruia field lying south of the Bulier River, there is a 6-ft. 
seam of similar bituminous coal. 

10. Malvern Hills (Upper Cretaceous). — This coal-basin lies, 
and the coal-seams occur, in isolated areas from the Rakaia 
river northward to the Upper Waimakariri Valley at heighti 
of from 1,000 ft, to 3,000 ft. above sea-level. The coal h \ 
ordinary brown coal, but, in patches of no great extent, has be^: ' 
devolatilized and altered to anthracite by intrusive sheets 
basalt and dolerite. The strata have been considerably 
turbed and tilted by these intrusions, and are also cut Up 

" t^ta. The unaltered coal has from 20 to 28 per cent mpisfU^I^ 
35 40 volatile matter, 30 to 40 per 

carbon, 3 to 12 per cent, ash, and from i to 3J 
f ' sulphur. In the altered coal, moisture and volatile 
^inay each be reduced to 2 per cent. A seam, 6 
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p (Afior^^).— This is the principal undeveloped 

^;i«ea of brown coal of southern Canterbury, and is situated in 
Knkahu, a tributary of the Opihi Hiver. Several seams 
hire found, the thickest varying from 4 to 7 ft. 


Analysis of Qoal 

ItoMurc Vol. tnAtUf. FC. A>b. Sulphur. 

22-00 3550 3825 425 2-24 


Coal is found at many points in the hills west of the Canter- 
bury Plains, beneath which it probably extends as a syncline 
to the sea, where, as quoted by Morgan [167], large pieces of 
brown coal have been obtained by trawling at several places' 
from depths of 30 or 40 fathoms. Large fuel reserves may 
therefore exist. 

12. Shag Point (Upper Cfitaceous).- -At the base of the 
Waipara series, beneath 300 ft. of compact sandstone, there are 
seven coal-seams, which are mostly thin. Three seams, varying 
from 4 ft. to 6 ft. in thickness, are worked at Allandale Colliery, 
the only producing mine. The coal is one of the best brown 
coals, and has : Water, 16-57 ; Vol. matter, 3370 ; Fixed C., 
43*15 ; Ash, 6-58 ; Sulphur, 2- 10 to 4-20 |>er cent. Here, as 
at Green Island, small rounded quartz pebbles are occasionally 
^Und embedded in the coal. 

13. Green Island (Miocene). — This fairly extensive field, just 
^r,th of Dunedin, is supp<jsed to extend southward beneath 


I^edin and Otago Peninsula, and contains an upper seam 
1 ft. to 8 ft. thick, and a lower seam 6 ft. to 20 ft. thick. The 
of the coal is rather inferior, and has : Water, 18*67 » 
matter, 36*57 ; Fixed C., 40 84 ; Ash, 3*92 ; Sulphur, 2 


Milhp^Kaitangala (Upper Cretaceous). — This importaut^ 
Off the coast from 40 to 60 miles south-west of 
It has kn area of 65 sq. miles, and contains sevend 
brown coal individually fairly uniform in thickness, 
four, aggregating 38 ft. of coal, are workable. The 
a good deal faulted. The chief minim; if at thk 



of the field, wl^e at iCaitaligata 
lainest producer, two scams, 35 ft. and 18 ft. thick, 

Taratu a seam, from 14 to 20 ft. thick, are being worked tfia 
, composition of these coals varies considerably. Analysis Np^ l,' ’ 
is given by Park as an average ; analysis No. 2 was made fPr^: 
the writer in the Government Laboratory. ” \ 

Muitlutc. Vol. matter. P.Ci Aah. Suli^ltir. 

No. X, Average . 15-42 38-24 44-17 2-17 a to 3 

No. a, Taratu outcrop 20-55 36*75 38-25 4-45 — 

The annual output from this field is about 170,000 tons. 

15. Nightcaps (Miocene).— About 45 miles N.N.W. of Inver- 
cargill, at the base of the Takitimu Mountains, superior brown 
coal, resembling Waikato coals in the North Island, is found in 
a belt 20 miles long over an area of 27 sq. miles. Three seams, 
aggregating 36 ft. of good coal, are being mined. An average 
analysis is : Moisture, 15 ; Vol. matter, 33 ; Fixed C., 47 ; 
Ash, 5 ; Sulphur, about 0*5 per cent. 

The small coal-field of Forest Hill lies some 20 miles north 
of Invercargill, and contains coal of fair quality in a seam from 
9J to II i ft, thick. 

Orepuki Coal 

Some 20 miles west of Riverton a small area contains ai 
incgular seam of rather shattered coal from 4 to 15 ft. thick 
The coal is similar, but inferior to Nightcaps coal. 


.• Lignite deposits of considerable extent in Central Qtagp''^' 
, and in Southland are found at the base of Upper Miocene or£ 
, Older Pliocene beds, occupying the basins of former 
inland lakes. There is seldom more than one worli^^^^ 
.|^m, varying usually from 6 to 20 ft. in thickness. But^;^,^ 

. ^exandria the main seam is 28 ft., at Clyde 44 ft,, and 
^ Roxburgh a vertical seam is 100 ft. thick. The analy^|^|5i'^| 
^yTater, 23 to 33 ; Vol. matter, 43 to 50 ; F.C., 15 to 
I'cA to 9 per cent. ; Sulphur, well under i per cent. (P, G. 

These lignites, though low in calorific value (3,750 









have prov^ in the treeless of Cen^ 

^ lefol'in tile gold^dredging and other industries* 

Jtn Southland, lignite, from 6 to 23 ft. thick, occurs from 
to lifataura, Wyndham and Clifton. 


Output of Coal in New Zealand 


Long Tons. 


Y«ii. 

i nttumiuuu* And I 

lUOMIt Owl 

Tou). 

1 Semi-Bituminuu*. | 

and URnitc. 

1915 • 

I,. '07,^40 I 

‘>40.^84 

2,208.624 

1916 

j 1 . 4 *-'. “ 7-1 ! 

84 *1.061 

3.357.135 

2.068,419 

1917 . 

i..‘ 47 .Mhu j 

h. *0,431) 

I91S . 

i 1 


2.034.230 


Coal Reserves 0/ New Zealand 

Park [165/p. 288] has estimated the workable coals, exclusive 
of lignite and seams under 2 ft. thick, to be : 

bituminous CO.!! . . ^54,^, 00,000 tout 

Pitch cu.U . . . „ 

Jtrown coal . . 5 .’o.<^K>.fH )0 „ 

I, oh.’, 100, 000 „ 


and that their probable life is 140 years. 

P. G. Morgan [2/p. 80 ] (Geological Survey of New Zealand) 
estimates: 

Actual Reserve, less coal extracted . . 1,001,000,000 met. tWMi. 

ProbaWe Rcsen-'c j,3^5, 000.000 .. 

pottible Reserve, various coals, small to large. 

f - The coals of New Zealand offer a peculiarly interesting field 
5Fnf study, particularly in relation to the effect of dynamic 
;^Wd other influences on the rate of dehydration and devolatUiz^ 
;^n of the coals. It is interesting to conjecture to what extend 
marked differences in coals of the same horizon and even 
same seams to be found in the Dominion are due tb 
:^^^Q^[;l^^meIcompo$i^ to bio-chemical changes in the constittM^t 
and to sub^uent dynamo-chemical influences. V , 



ADDENDA 

IH addition to occnnences already described, there we sevM on - 
little exploratory work has been carried out ; amongst' theeo tbe ioilowing 
may be i|Bntioned : 

Kenia 

Carbonaceous material has been found at Mwcle, south»wcst of Monbaaa 
[1683, and similar material has l>een reported to occur on theUasingishn PlateAH* 
Analyses made at the Imperial Institute gave : Mois., 13-05 ; Vol. Mat.* 
37*80; F.C.. 43-08; Ash. 1607: Cal.. 44-19- Indications of coal have 
been also noted at Sumburu [itxjl- 

’ Tanoanvika Territory 

Karroo coal-beds occur on the Songwe and Kivira Rivers, on the north*, 
west side of Lake Nyasa, at one place 1 1 metres of coal occurring in a total 
thickness of 20-7 metres. A sample from one scam, 4-9 metres thick, gave; 
C. 60'6; H. 3 0 : O, 13 0 ; S., 0-23 . Mois., 4-3 , A.sh, 18-5 ; qpke, 78-7 ; Cal, 56*57. 
It is not improbable that coal will be fouiul in the Kama) formation east of 
lake Tanganyika [170]. 

S0MA1.U.AND 

Sub-bituminous coal from a place 53 miles cast of Berbera and 30 miles 
south of Karam, examined at the Imperial Institute, gave : Mois., 13*01 ; 
Vol. Mat., 3516; F.C., 397*'': Ash. 12 05. S., 0-64 ; Cal., 56*61. The 
coal burnt freely, but did not cake [171] 

Trinidad 

Coal has been found on the south coast between Oropuchy and Mornga. 
An analysis of the material, which occurs in a seam 4 to 5 ft. thick, made 
at the Imperial Institute, gave: Mois, 13-7: Vol. Mat., 32-9; F.C., 34*0; 
Ash, 19*4 ; S., 5-06 : Cal.. 43-78 Lignite may also occur in quantity in the 
districts of Chatham and Trois [172). 

J AMAlCA 

Ligpite of poi'r quality occurs and is used locally for fuel to a limited 
extent. Samples from four places examined at the Imperial Institute showed : 
16*5. 48*8, 60*3, and 70-7 per cent, of ash respectively. 

Windward Islands 

Blocks of anthracite are stated to be common in St. Andrew's pwish^, 
Grenada, but the mineral has not lieen found tu situ. A sample examined^ 
at the Imperial Institute showed : Mois., 2*40 ; Vol. Mat., 4*35 ; F.C., 

Ath, 9 * 43 ; S., 0*54 : Cal., 72*72. 

. ^ British Guiana 

' ^ lignite in from 8 to 10 ft. seams occurs near Yarum Creek, 40 miles 
Georgetown on the Demarara river. A sample analysed at thd 
'.porbl Institute contained: Mois., 25*32; Vol. Mat., 33*32: F.C;^ 

S., 5*26; Cal., 32 * 9 t. 
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APPENDIX 

CALORIFIC POWER AND EVAPORATIVl;: POWER 

The calorific value or calorific power of a coal is the amount of heat 
^iven out by completely burning a unit weight of coal, and is 
measured by the number of corresptmihng units of weight of water 
raised one degree in leinix^raturt* by thib amount of heat. 

When the centigrade unit of temperature ib used, the unit quantity 
of heat is termed the Calorie, and when the Fahrenheit unit is used, 
it is termed the. British Thermal Unit (B.T.U.). To convert calories 
into British Thermal Units we have to multiply by i*8. 

The evaporative power of a coal i^^ the number of units of weight 
of water at boiling-point that ran be conveited into steam at the 
same temperature by burning one corres|X)nding unit weight of the 
coal. It is obtained by dividing the latcuit heat of steam into the 
calorific value, thus ; 

I • ralori he value in calories 

Evaporative iw)wer — 

__ raloiilk valu e in B.T. U. 

“■ 967 

To determine the calorific value, a known fjuantityof coal is burnt 
completely in a special calorinntt-r, and the heat given off is measured 
by the rise in temperature of a given quantity of water in the 
caUuimeter. Details of difiereiit calorimeters and their methods of 
yes/s are given in text-books. 

As an illustration of the foregoing, if one unit weight of coal {no 
what unit of weight he used) on complete combustion raise the 
^b^ihpteture of, say, 2,506 similar units of weight of water 3® C., then: 

Calorific value = 2,506 X 3 

— 7,51^1 Calories 
= 7,518 X 1 8 
= 13,532 B.T.U., and 

13 532 

Evaporative Power = 

= 14 
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